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 Introduction
The Dredging Subcommittee of the Water Quality Board (NOB) completed
"Guidelines and Register for Evaluation of Great Lakes Dredging Projects“
in 1982 and thereafter initiated several projects related to dredging and
the guidelines.
As a result, in its l983 report to the WQB open lake site
selection criteria development and Great Lakes dredging in an ecosystem
perspective were among the principal topics.
In addition to these discussions
the Subcommittee submitted a separate report on the evaluation of dredge
material disposal options for two Great Lakes harbours.
The two—harbour study was undertaken to assess the practicality of the
guidelines.
In following the guidelines (Figure l), the Dredging Subcommittee
found that sediment bioassessment was needed to better evaluate the disposal
options for some harbour sediments when bulk sediment chemistry data were not
conclusive.
Consequently, the Dredging Subcommittee developed a cooperative
study to evaluate the applicability of some bioassessment techniques currently
employed or under development at federal research laboratories for evaluating
the environmental impacts of dredged material disposal. Arrangements were
made to obtain sediments from the two harbours and distribute the desired
subsamples to different research organizations with sediment bioassessment
programs. Fisheries and Oceans Canada (DFO), Great Lakes Fisheries Research
Branch, located at Burlington, Ontario, collected and distributed the
sediments from the two harbours to the U.S. Environmental Protection Agency
(EPA) Laboratory in Corvallis, Oregon, the U.S. Army Corps of Engineers (COE),
Waterways Experiment Station in Vicksburg, Mississippi, and the U.S. Fish and
Wildlife Service (FWS), Great Lakes Fishery Laboratory in Ann Arbor, Michigan.
Considerable effort was contributed by the individual laboratories and their
staff, as is evident from the reports.
A meeting was held in order for the participating laboratories to
report their bioassessment findings and to aid the Dredging Subcommittee in
evaluating the developmental status of sediment bioassessment techniques
and their advantages, disadvantages and utility in predicting the potential
biological impacts of dredging and disposal. Based on the sediment bioassay
reports, discussions with meeting participants, and subsequent Dredging
Subcommittee discussions, the following conclusions and recommendations were
reached.
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 Findings and Conclusions
Short—term (<96 hour) testing of sediment elutriates to determine acute
toxicity of sediment contaminants is a relatively well developed,
standardized technique in which a number of aquatic organisms are
used. Results from tests of this nature are primarily indicative of the
short-term water column effects of dredging and disposal. Although such
tests are useful when evaluating disposal options they do not predict the
long-term effects of the dredged materials following disposal in open
waters.
Standardized methodologies for the assessment of chronic effects of
sediment contaminants or the bioaccumulation of sediment contaminants have
not been fully developed. Progress has been made, however, in simplifying
some of the methodologies, selecting preferred test organisms, such as
fish and worms, and in demonstrating the reproducibility of available test
results.
Results of these sediment bioassessments did not provide information that
would significantly alter a decision regarding open lake disposal based
on bulk criteria. Bioassessment of sediment from potential open lake
disposal sites would be required to determine if any observed contaminant
bioaccumulation from the dredged material was significantly different from
bioaccumulation from sediments at the disposal site.
Criteria for the evaluation of sediment bioassessment results have not
been agreed upon. With respect to bioaccumulation, any statistically
significant increase in contaminant uptake at some acceptable confidence
level above that associated with a reference sediment, may be considered
unacceptable. Such a criterion is consistent with the principle of
nondegradation, although the biological significance of the increase is
often unknown. Criteria for the acceptability of changes in sublethal
test parameters due to toxic effects of sediment are unavailable.
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 Summary
It is the opinion of the Dredging Subcommittee that, as yet, there is
no single best sediment bioassessment test. A spectrum of tests and test
organisms are available and which of these is selected is dependent on the
question or questions to be answered. For dredged material disposal options
some estimate of long—term biological effects of sediment contaminants is
paramount. Bioaccumulation, growth, reproduction and tumor induction are
sublethal biological test parameters that should be considered. Reasonable
measures of these phenomena would greatly aid in validating or modifying the
sediment criteria used for determining dredged material disposal options in
the Great Lakes.
In the interim, further development and application of bioassessment tests
will aid in the evaluation of dredging and disposal questions and ultimately
provide the information base from which more biologically meaningful sediment
chemistry criteria can be derived.
DISCUSSION
Sediment bioassessment was discussed in some detail in the 1982 Guidelines
and Register. The Dredging Subcommittee stressed the need for standardized
sediment bioassessment procedures and meaningful criteria for the evaluation
of test results. In the context of nondegradation, dredge materials disposed
of in open water cannot be more toxic or result in greater bioaccumulation of
contaminants than in situ sediments at the disposal site.
lo assess the long—term biological effects of sediment contaminants,
growth, reproduction and tumor induction are important parameters that could
be measured. Small fishes and macroinvertebrates are apparently the animals
of choice to be used in laboratory tests to evaluate the long—term effects of
sediment contaminants. Those fish species and macroinvertebrates with short
life cycles and that are responsive to sediment contaminants in terms
of growth, reproductive success or tumor induction are most appropriate.
Experimental designs for sediment bioassessments for either the
determination of sediment contaminant criteria or disposal options should be
appropriately structured for statistical analysis. Measurable differences at
a statistically acceptableconfidence level between open lake disposal sites
and sediments from a dredging project would be a scientifically acceptable
basis for denying open lake disposal of dredged materials and prevent
measurable degradation from occurring.
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s l
arg
ely
app
lic
abl
e t
o c
ont
inu
ous
dre
dge
d
mat
eri
al
dis
pos
al
ope
rat
ion
s
in
riv
eri
ne
or
ope
n l
ake
sit
uat
ion
s a
nd
pro
bab
ly
has
lim
ite
d a
ppl
ica
tio
n i
n t
he
Gre
at
Lak
es.
Tra
nsf
er
of
thi
s t
ech
nol
ogy
to
com
mer
cia
l
lab
ora
tor
ies
for
rou
tin
e a
nal
ysi
s w
oul
d
be
dif
fic
ult
.
III
.
U.S
. F
ish
and
Wil
dli
fe
Ser
vic
e,
Gre
at
Lak
es
Fis
her
y L
abo
rat
ory
,
Ann Arbor, Michigan
The
Fis
h a
nd
Wil
dli
fe
Ser
vic
e m
eth
odo
log
y e
xpo
sed
fis
h (
fat
hea
d m
inn
ows
)
and
ear
thw
orm
s t
o b
oth
con
tam
ina
ted
sed
ime
nts
and
the
ove
rly
ing
wat
er
wit
h
som
e s
usp
end
ed
par
tic
ula
te
mat
ter
sti
rre
d u
p b
y t
he
tes
t o
rga
nis
ms.
Bio
acc
umu
lat
ion
was
mea
sur
ed
and
the
sel
ect
ed
org
ani
sms
wer
e n
ot
und
uly
sen
sit
ive
to
tox
ica
nts
but
wer
e e
ffi
cie
nt
acc
umu
lat
ors
of
con
tam
ina
nts
.
The
fis
h s
pec
ies
sel
ect
ed
and
the
ear
thw
orm
s a
re
com
mer
cia
lly
ava
ila
ble
,
eas
ily
mai
nta
ine
d a
nd
cul
tur
ed
and
wer
e o
f s
uff
ici
ent
siz
e t
o y
iel
d a
deq
uat
e
tis
sue
sam
ple
s f
or
che
mic
al
ana
lys
is.
Uti
liz
ati
on
of
ear
thw
orm
s i
n a
qua
tic
sed
ime
nt
bio
ass
ays
is
new
and
the
se
ani
mal
s s
urv
ive
d t
he
ten
-da
y e
xpo
sur
e
wit
hou
t d
iff
icu
lty
, b
urr
owi
ng
int
o a
nd
cra
wli
ng
on
the
sed
ime
nts
at
the
bot
tom
of
the
aqu
ari
a.
Thi
s i
s c
ont
rar
y t
o t
he
com
mon
bel
ief
tha
t s
uch
wor
ms
wou
ld
dro
wn.
Som
e i
nte
rac
tio
ns
mig
ht
occ
ur
bet
wee
n f
ish
and
wor
ms
whi
ch
cou
ld
req
uir
e s
epa
rat
ion
in
the
aqu
ari
a.
Ear
thw
orm
s c
oul
d a
lso
be
used
as
a
bio
ass
ay
org
ani
sm
for
dre
dge
d m
ate
ria
ls
to
be
dis
pos
ed
upl
and
or
in
con
fin
ed
dis
pos
al
fac
ili
tie
s.
Com
par
ati
ve
eva
lua
tio
ns
of
sed
ime
nt
con
tam
ina
nt
bio
ava
ila
bil
ity
cou
ld
the
reb
y b
e e
sti
mat
ed
usi
ng
a s
ing
le
spe
cie
s w
hen
sed
ime
nts
wer
e p
lac
ed
in
eit
her
an
aqu
ati
c o
r a
ter
res
tri
al
env
iro
nme
nt.
The
aqu
ari
a u
sed
for
sed
ime
nt
exp
osu
res
in
thi
s m
eth
odo
log
y a
re
rel
ati
vel
y
lar
ge
(39
lit
res
),
req
uir
e c
ons
ide
rab
le
lab
ora
tor
y s
pac
e a
nd
sev
era
l
gal
lon
s o
f
sed
ime
nts
.
Tes
t s
etu
p a
nd
mai
nte
nan
ce
dur
ing
the
exp
osu
re
per
iod
are
som
ewh
at
tim
e c
ons
umi
ng.
Alt
hou
gh
the
equ
ipm
ent
and
exp
osu
re
tec
hni
que
s a
re
rel
ati
vel
y
str
aig
ht
for
war
d a
nd
the
tec
hno
log
y t
ran
sfe
r e
asy,
ini
tia
l s
tar
t—u
p c
ost
s f
or
com
mer
cia
l l
abo
rat
ori
es
may
be
rel
ati
vel
y h
igh.
Alt
hou
gh
a c
ons
ide
rab
le
dat
a
bas
e e
xis
ts
for
fat
hea
d m
inn
ows
in
var
iou
s b
ioa
ssa
ys,
no
com
par
ati
ve
dat
a b
ase
exi
sts
for
ear
thw
orm
s i
n a
qua
tic
bio
ass
ays
.
The
lit
era
tur
e o
n c
ont
ami
nan
ts
in
ear
thw
orm
s f
rom
ter
res
tri
al
hab
ita
ts
mig
ht
be
of
ass
ist
anc
e.
Fur
the
r r
ese
arc
h
and development is needed on earthworm sediment bioassay.
 
 IV.
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
,
Corvallis, Oregon
The
EPA
sed
ime
nt
exp
osu
res
wer
e
car
rie
d
out
in
rel
ati
vel
y
sma
ll
bea
ker
s,
usi
ng
zoo
pla
nkt
on
(Da
phn
ia)
and
bur
row
ing
may
fly
lar
vae
(He
xag
eni
a).
The
se
exp
osu
res
ass
ess
ed
the
tox
ici
ty
of
the
sed
ime
nts
and
ove
rly
ing
wat
er
ove
r a
ten
—da
y p
eri
od.
The
tes
t o
rga
nis
ms
are
sen
sit
ive
to
tox
ica
nts
and
a l
arg
e
bio
ass
ay
dat
a b
ase
exi
sts
for
com
par
ati
ve
pur
pos
es.
Dap
hni
a a
re
eas
ily
obt
ain
ed
and
cul
tur
ed
in
the
lab
ora
tor
y.
Hex
age
nia
are
usu
all
y o
bta
ine
d f
rom
nat
ura
l h
abi
tat
s
and
can
be
eas
ily
dam
age
d d
uri
ng
rem
ova
l
fro
m s
edi
men
ts
and
dur
ing
shi
ppi
ng.
Mai
nta
ini
ng
Hex
age
nia
in
the
lab
ora
tor
y i
s s
ome
wha
t o
f a
pro
ble
m.
Dur
ing
som
e s
eas
ons
of
the
yea
r H
exa
gen
ia
may
not
be
ava
ila
ble
loc
all
y.
Whe
n b
oth
Dap
hni
a a
nd
Hex
age
nia
are
hel
d i
n t
he
sam
e c
ont
ain
er,
var
iab
le
exp
osu
re
con
dit
ion
s c
an
exi
st
for
Dap
hni
a a
s s
edi
men
ts
may
be
sti
rre
d
up
to
var
yin
g d
egr
ees
by
Hex
age
nia
.
Thi
s d
isa
dva
nta
ge
cou
ld
be
ove
rco
me
by
separating the Daphnia and Hexagenia.
 
The
exp
osu
re
tec
hni
que
s a
nd
equ
ipm
ent
are
sim
ple
,
low
in
cos
t,
giv
e q
uic
k
res
ult
s,
and
req
uir
e l
itt
le
spa
ce
for
bot
h c
ult
ure
s
and
exp
osu
re.
The
equ
ipm
ent
can
eas
ily
be
che
cke
d a
nd
mai
nta
ine
d d
uri
ng
the
tes
ts.
Acu
te
tox
ici
ty
ove
r t
ime
(th
ree
to
ten
day
s)
can
be
rea
dil
y m
eas
ure
d
usi
ng
Dap
hni
a.
Thi
s t
ech
nol
ogy
is
rea
dil
y t
ran
sfe
rra
ble
to
com
mer
cia
l
lab
ora
tor
ies
.
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AEIMQI
The
impa
ct o
f el
utri
ated
sedi
ment
-ass
ocia
ted
cont
amin
ants
from
Toro
nto
and
Tol
edo
har
bou
rs
on
the
C14
upt
ake
of
ult
rap
lan
kto
n (
5—2
0 p
m)
and
mic
rop
lan
kto
n/n
etp
lan
kto
n (
>20
um)
was
det
erm
ine
d b
y m
ean
s o
f A
lgal
Frac
tion
atio
n Bi
oass
ays
(AFB
s).
All
Toro
nto
stan
dard
elut
riat
es c
ause
d
sig
nif
ica
nt
inh
ibi
tio
n o
f t
he
014
upt
ake
by
the
ult
rap
lan
kto
n.
Tor
ont
o
Sit
e 2
elu
tri
ate
cau
sed
the
gre
ate
st
sig
nif
ica
nt
inh
ibi
tio
n (
38%,
P<0
.00
1)
of t
he 0
14 u
ptak
e at
a 20
% st
anda
rd e
lutr
iate
conc
entr
atio
n.
Simi
larl
y al
l
Tole
do s
tand
ard
elut
riat
es c
ause
d s
igni
fica
nt
inhi
biti
on o
f th
e ul
trap
lank
ton'
s
C14
upta
ke.
Tole
do S
ite
2 st
anda
rd e
lutr
iate
caus
ed t
he g
reat
est
sign
ific
ant
inhibition (35%, P<0.00l) of the C14 uptake by ultraplankton at a 20%
elutriate concentration.
Trea
tmen
t of
elut
riat
es w
ith
Chel
ex0—
l00
resi
n wa
s su
cces
sful
in r
emov
ing
diss
olve
d me
tals
from
some
samp
les,
whic
h r
esul
ted
in t
he r
ecov
ery
of C
14
upta
ke.
This
was
attr
ibut
ed t
o th
e el
imin
atio
n of
diss
olve
d fo
rms
of m
etal
s
whic
h we
re
remo
ved
by C
hele
x® t
reat
ment
.
ECSO
's
(Eff
ecti
ve C
once
ntra
tion
required to inhibit C14 uptake by 50%) were computed for toxicity
eval
uati
on.
Anot
her
term
TT25
(Tox
icit
y Th
resh
old
conc
entr
atio
n re
quir
ed t
o
inhibit 014 uptake by 25%) is proposed as an indicator/alarm for use by
regulatory agencies.
Our
resu
lts
clea
rly
demo
nstr
ated
the
need
and
nece
ssit
y of
bioa
sses
smen
t as
a
mana
geme
nt t
ool
to s
uppl
emen
t th
e tr
adit
iona
l b
ulk
chem
ical
char
acte
riza
tion
.
Our
tech
niqu
e is
sens
itiv
e,
fast
and
usef
ul
in d
etec
ting
the
bioa
vail
abil
ity
of
toxic
subst
ances
. T
he t
echni
que
appea
rs t
o hav
e co
nside
rable
poten
tial
to se
rve
as a
basi
s fo
r th
e de
velo
pmen
t of
guid
elin
es f
or d
redg
ing
and
disp
osal
acti
viti
es
in the Great Lakes.
INTRODUCTION
The
deve
lopm
ent
of g
uide
line
s an
d cr
iter
ia f
or t
he e
valu
atio
n an
d ma
nage
—
ment
of dr
edged
spoil
s and
its d
ispos
al o
ption
s ha
s bee
n the
prima
ry ob
jecti
ve of
the Dredging Subcommittee (DS). The Subcommittee was established under the
ausp
ices
of t
he W
ater
Qual
ity
Boar
d of
the
Inte
rnat
iona
l J
oint
Comm
issi
on (
IJC)
to f
ocus
on t
he c
once
rns
stat
ed i
n An
nex
7 of
the
1978
Grea
t La
kes
Wate
r Qu
alit
y
Agreement signed by Canada and the United States.
Traditionally, the management of dredge spoils has been entirely based
on bulk chemical characterization of the sediment. Such an environmental
assessment based solely on bulk chemical data is misleading and less than
desirable from an ecological point of view. Moreover, lack of concern
about the health of the biota, which is affected by the dredging operations,
11
  
co
nt
ra
di
ct
s
th
e
im
pl
em
en
ta
ti
on
of
th
e
ec
os
ys
te
m
ob
je
ct
iv
es
.
Un
ti
l
re
ce
nt
ly
,
li
tt
le
pr
og
re
ss
ha
d
be
en
ma
de
si
nc
e
th
e
pu
bl
ic
at
io
n
of
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
pr
oc
ed
ur
es
(1
97
7)
.
Th
e
Dr
ed
gi
ng
Su
bc
om
mi
tt
ee
of
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
to
ok
th
e
le
ad
by
em
ph
as
iz
in
g
th
e
ro
le
of
bi
oa
ss
es
sm
en
t
in
th
e
de
ve
lo
pm
en
t
of
gu
id
el
in
es
fo
r
th
e
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
s
in
th
e
Gr
ea
t
La
ke
s.
Th
is
ge
ne
ra
te
d
mo
me
nt
um
in
th
e
de
ve
lo
pm
en
t
of
ra
pi
d
an
d
se
ns
it
iv
e
bi
oa
ss
ay
s,
as
re
ce
nt
ly
re
vi
ew
ed
by
Mu
na
wa
r
gt
g1
.
(l
98
4)
,
an
d
re
su
lt
ed
in
in
te
rn
at
io
na
l
an
d
mu
lt
ia
ge
nc
y
pr
oj
ec
ts
be
tw
ee
n
Ca
na
da
an
d
th
e
Un
it
ed
St
at
es
,
su
ch
as
th
e
bi
oa
ss
es
sm
en
t
of
To
ro
nt
o-
To
le
do
ha
rb
ou
rs
.
Th
e
pr
im
ar
y
ob
je
ct
iv
e
of
th
is
re
po
rt
is
to
ap
pl
y
re
ce
nt
ly
de
ve
lo
pe
d
bi
ot
ec
hn
ol
og
y
at
th
e
Gr
ea
t
La
ke
s
Fi
sh
er
ie
s
Re
se
ar
ch
Br
an
ch
,
cc
1w
,
fo
r
th
e
bi
oa
ss
es
sm
en
t
of
se
di
me
nt
—b
ou
nd
co
nt
am
in
an
ts
of
th
es
e
ha
rb
ou
rs
,
as
re
co
mm
en
de
d
by
th
e
Dr
ed
gi
ng
Su
bc
om
mi
tt
ee
(l
98
2,
19
83
)
to
as
si
st
in
th
e
de
ve
lo
pm
en
t
of
co
mp
at
ib
le
,
re
al
is
ti
c
gu
id
el
in
es
an
d
cr
it
er
ia
fo
r
ev
al
ua
ti
on
of
dr
ed
gi
ng
ac
ti
vi
ti
es
.
MATERIALS AND METHODS
S
E
D
I
M
E
N
T
AN
D
E
L
U
T
R
I
A
T
E
A
N
A
L
Y
S
E
S
Du
ri
ng
Se
pt
em
be
r/
Oc
to
be
r
l9
83
,
bo
tt
om
se
di
me
nt
sa
mp
le
s
we
re
co
ll
ec
te
d
fr
om
fo
ur
si
te
s
in
To
ro
nt
o
Ha
rb
ou
r
(F
ig
ur
e
l)
an
d
fr
om
fo
ur
si
te
s
in
To
le
do
Ha
rb
or
(F
ig
ur
e
2)
by
a
bo
x
co
re
r
ab
oa
rd
th
e
ve
ss
el
C.
S.
S.
Li
mn
os
.
Eq
ua
l
po
rt
io
ns
of
ea
ch
To
ro
nt
o
sa
mp
le
we
re
mi
xe
d
to
ge
th
er
in
a
ce
me
nt
mi
xe
r
to
fo
rm
a
"c
om
po
si
te
"
sa
mp
le
.
Th
e
sa
me
wa
s
do
ne
fo
r
th
e
To
le
do
sa
mp
le
s.
Fo
r
ea
ch
se
di
me
nt
sa
mp
le
a
“s
ta
nd
ar
d
el
ut
ri
at
e“
wa
s
pr
ep
ar
ed
by
mi
xi
ng
on
e
vo
lu
me
of
se
di
me
nt
wi
th
fo
ur
vo
lu
me
s
of
0.
45
pm
fi
lt
er
ed
La
ke
On
ta
ri
o
wa
te
r.
Th
e
mi
xt
ur
e
wa
s
ag
it
at
ed
30
mi
nu
te
s
by
ai
r,
se
tt
le
d
fo
r
on
e
ho
ur
an
d
th
en
fi
lt
er
ed
th
ro
ug
h
a
0.
45
pm
me
mb
ra
ne
.
On
e
pa
rt
of
th
is
fi
lt
ra
te
wa
s
th
en
pa
ss
ed
th
ro
ug
h
a
co
lu
mn
of
Ch
el
ex
®-
lO
O
re
si
n
(s
od
iu
m
fo
rm
)
to
re
mo
ve
di
ss
ol
ve
d
me
ta
l
io
ns
(R
il
ey
an
d
Ta
yl
or
,
l9
72
).
Th
e
re
si
n
wa
s
pr
ep
ar
ed
ac
co
rd
in
g
to
th
e
me
th
od
s
of
Da
ve
y
gt
g1
.
(l
97
0)
.
Ge
oc
he
mi
ca
l
an
al
ys
es
of
se
di
me
nt
su
bs
am
pl
es
an
d
el
ut
ri
at
es
we
re
do
ne
ac
co
rd
in
g
to
th
e
me
th
od
s
de
sc
ri
be
d
by
Mu
na
wa
r
gt
g1
.
(1
98
3)
.
PH
YT
OP
LA
NK
TO
N
CO
MP
OS
IT
IO
N
AN
D
AL
GA
L
FR
AC
TI
ON
AT
IO
N
BI
OA
SS
AY
S
(A
FB
S)
Na
tu
ra
l
ph
yt
op
la
nk
to
n
sa
mp
le
s
we
re
co
ll
ec
te
d
wi
th
a
20
m
in
te
gr
at
in
g
sa
mp
le
r
fr
om
La
ke
On
ta
ri
o
(F
ig
ur
e
3)
.
A
po
rt
io
n
of
th
e
we
ll
mi
xe
d
sa
mp
le
wa
s
pr
es
er
ve
d
in
Lu
go
l'
s
so
lu
ti
on
fo
r
ta
xo
no
mi
c
id
en
ti
fi
ca
ti
on
an
d
en
um
er
at
io
n
by
sp
ec
ie
s,
us
in
g
th
e
Ut
er
mo
hl
te
ch
ni
qu
e
(M
un
aw
ar
an
d
Mu
na
wa
r,
l9
78
).
Ch
em
is
tr
y
an
d
nu
tr
ie
nt
sa
mp
le
s
we
re
al
so
ta
ke
n.
Th
e
re
ma
in
de
r
of
th
e
wa
te
r
sa
mp
le
wa
s
us
ed
for the C14, AFBs.
Th
e
AF
Bs
we
re
ca
rr
ie
d
ou
t
us
in
g
fr
es
h,
na
tu
ra
l
ph
yt
op
la
nk
to
n
wi
th
th
e
st
an
da
rd
an
d
Ch
el
ex
®
tr
ea
te
d
el
ut
ri
at
es
.
Th
e
si
ze
cl
as
se
s
of
ph
yt
op
la
nk
to
n
ch
os
en
we
re
:
p—
al
ga
e
(<
5
pm
),
ul
tr
ap
la
nk
to
n
(5
—2
0
uM
)
an
d
mi
cr
op
la
nk
to
n/
ne
tp
la
nk
to
n
(>
20
pm
).
He
nc
e,
C1
4
up
ta
ke
re
su
lt
s
ha
ve
be
en
ex
pr
es
se
d
un
de
r
th
e
ab
ov
e
me
nt
io
ne
d
si
ze
cl
as
si
fi
ca
ti
on
.
Th
e
ex
pe
ri
me
nt
al
de
si
gn
s
we
re
as
follows:
12
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 1)
Tw
o
ty
pe
s
of
el
ut
ri
at
es
we
re
pr
ep
ar
ed
.
Th
e
fi
rs
t
wa
s
th
e s
ta
nd
ar
d
el
ut
ri
at
e
wi
th
di
ss
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TABLE A. TRACE ELEMENT ANALYSES: SEDIHENT AND ELUTRIATE ANALYSES, TORONTO HARBOUR
SAMPLE $102 A1203 F9203 M90 Ca0 Na20 K20 T10, MnO P20s TOTAL PCB DDT Hg Cr Co Cu Zn As V Ni Pb Cd Fe Mn N0,(N) NH,(N) 1P0“
e ———————————————————————
%Dry weight ————————————————————— ~+ +-——PPB—————+ +——-~<Sediment as ug/gm, e1utriate as ug/L ———————— —+ + ————— (mg/L) ————— a
TOR—Comp
Sediment 60.9 12.9 7.8 5.9 7.6 0.8 3.5 0.9 0.1 0.3 100.0 860 7 970 226. 28. 76. 355. 20. 110. 114. 104. — — — — —
Stand ———————————————————————————————————————————————————————— — — — — <0.1 <1 - <1. <1. <1 <1. 20. 12. 0.6 .075
Che1ex ————————————————————————————————————————————————————————— - — — - <0.1 <1. <0.9 — — 14. <1. <1. <1. 10. — 0.54 .071
l
0
‘
,
—
TOR
—1
Sediment 57.3 10.9 6.3 4.1 15.9 1.1 2.9 0.7 0.1 0.3 100.0 450 10 1910 239. 6. 140. 509. 9. 62. 27. 7008. — —
Stand ———————————————————————————————————————————————————————— - — - — <0.1 3. 20. — — <1. <1. <1. <1. 70. 5.4 1.39 .023
CheTex ———————————————————————————————————————————————————————— — - - ~ <0.1 <1. <2.6 — — 12. <1 <1. <1. 10. 27.0 0.40 .023
TOR—2
Sediment 57.5 10.0 6.1 3.9 16.4 1.0 3.0 0.7 0.1 0.4 100.0 1640 16 210 124. 2. 79. 364. 2. 63. 24. 357. — — — — —
Stand ———————————————————————————————————————————————————————— — — ~ —<0.1 <1. 14. — — <1. <1. <1. <1. 170. 9.
CheTex ———————————————————————————————————————————————————————— — — — — <0.1 <1. <0.a - — <1. <1. <1. <1. 10. 9.
.55 .058
.42 .049
P
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N
N
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Sediment 55.0 10.4 5.9 3.9 19.7 1.0 2.8 0.6 0.1 0.5 100.0 1065 7 420 122. 1. 74. 383. 5. 54. 22. 327. — - — — -
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________________________
-___
......
- _
-
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ELUTRIATE CHEMISTRY
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ALGAL FRACTIONATION BIOASSAYS (AFBS)
Composite Bioassay
The ultraplankton (5—20 pm) size fraction of phytoplankton was responsible
for a major portion of primary productivity of the total population. The
bioassay with the standard elutriate revealed significant inhibition of the
014 uptake (Figure 7) when compared to the control productivity. Increasing
dosages caused proportional decreases of C14 uptake (Table l) with 20%
addition producing a highly significant inhibition (P<0.00l; Table 2).
The CheleXO—treated elutriate also indicated a more or less inhibitory
trend with increasing dosage but the 20% addition was the only concentration
which produced significant recovery of C14 uptake when compared to the
standard elutriate. This suggests that it is only at higher concentration
of the elutriate that sufficient dissolved metals are removed to bring about
a significant reduction of toxicity.
The response of the microplankton/netplankton (>20 pm) did not show any
impact of the eluted contaminants by both the standard or Chelex®—treated
elutriates. Response by the p—algae (<5 pm) were not considered for all
the bioassay results since their natural productivity is usually very low in
the spring collections of phytoplankton.
Site l Bioassay
The ultraplankton (5-20 pm) size fraction was the most productive
component of the natural assemblage. The addition of increasing dosages
of standard elutriate exhibited increasing inhibition of the C14 uptake
(Figure 8) which was statistically significant at l0% and 20% additions
(Table 2). The ChelexO—treated elutriate, although toxic, was not
significantly different from the standard elutriate except at the 20%
elutriate concentration.
The microplankton/netplankton also showed an inhibitory trend (Figure 8)
at higher concentrations of elutriate additions, but the response was not
statistically significant. Similarly, the addition of ChelexO—treated
elutriate did not produce significant response.
Site 2 Bioassay
The results of the response of ultraplankton and microplankton/netplankton
are shown in Figure 9. The standard elutriate additions to the ultraplankton
(5—20 pm) produced increasing toxicity which inhibited the C14 uptake by
38% of the control (Table l). The inhibitory trend was significant at all
additions but higher concentrations showed highly significant results (Table
2). The addition of CheleXG—treated elutriate interestingly decreased
014 uptake compared to the standard elutriate additions and continued
to exhibit the toxic trend.
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 TABLE I.
IMPACT OF TORONTO STANDARD ELUTRIATES PERCENT INHIBITION FROM CONTROL
ELUTRIATE CONCENTRATION
 
 
SAMPLE IDENTIFICATION 1% 5% 10% 20%
ULTRAPLANKTON 5-20 pm
Toronto Composite 16/04/84 2 8 14 24
Toronto Site #1 16/04/84 9 13 12 24
Toronto Site #2 17/04/84 8 18 27 38
Toronto Site #3 17/04/84 3 7 14 29
Representative mean 5.5 11.5 16.8 28.8
MICROPLANKTON/NETPLANKTON >20 pm
Toronto Composite 16/04/84 ~19 —4 «3 —4
Toronto Site #1 16/04/84 4 —14 3 24
Toronto Site #2 17/04/84 1 —4 7 25
Toronto Site #3 17/04/84 0 4 4 30
Representative mean —3.5 —4.5 2.8 18.8
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The microplankton/netplankton (>20 pm) did not show any noteworthy,
significant results in response to addition of both types of elutriates.
Site 3 Bioassay
The results of the Site 3 bioassay are shown in Figure 10. Increasing
additions of the standard elutriate were responsible for an increasing
inhibitory trend in C14 uptake by the ultraplankton, which was
significantly different than the control at 10% and 20% additions (Tables
l and 2). The ChelexO—lOO treated elutriate addition showed the most
pronounced recovery of C14 uptake, which was higher than that produced
by the additions of the standard elutriate. Most of the additions produced
highly significant results (Table 3) compared to the standard elutriate.
These results possibly indicate that dissolved metals, removed by ChelexO-lOO
treatment, might be responsible for the observed toxicity at Site 3.
Once again the microplankton/netplankton did not show any significant
response to the addition of the standard elutriate. Similarly, addition of
Chelex®~treated elutriate produced significant difference at the 20%
addition only and indicated recovery.
RESULTS — TOLEDO HARBOR
SEDIMENT CHEMISTRY
Geochemical analysis of the Toledo composite sediment sample revealed
the presence of a number of heavy metals, namely Zn, Cr, V, Pb, Ni and Cu,
of which Zn and Cr were the most abundant (Table B and Figure ll, Sediment
Analysis).
The individual sediment samples of Toledo Harbor had chemical compositions
similar to the composite. Site 1 sediment (Table B and Figure l2) at the
mouth of the Maumee River had the highest concentrations of metals with Zn
(285 pg/gm) and Cr (l68 pg/gm) being the most dominant. Site 2 sediment had
the lowest concentration of metals. Site 3 sediment had relatively higher
concentration of Zn (l9? ug/gm) and Cr (145 pg/gm) than Site 2. Sediment from
Site 4 was not used for elutriate preparation but it was used in the preparation
of the composite sample. This Site had the second largest concentration of Zn
and Cr after Site 1.
ELUTRIATE CHEMISTRY
Composite Elutriate
Although Zn, Cr, V, Pb, Cu, Ni and As were found in the sediment, only Mn,
Fe, Cu and Zn were eluted into the standard elutriate. Phosphorus remained at
a detectable level (Table B and Figure ll). Nitrogen ions (N0; and NH:) were
found at fairly high concentrations (4.5 and 3.7 mg/L). The ChelexO—treated
elutriate effectively removed dissolved forms of Mn and Zn to below detection
limits. 0n the other hand, the concentrations of Cu and Fe increased due to
Chelex® treatment. The phosphorus and nitrogen concentrations remained
unchanged after Chelexo treatment.
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 Site 1 Bioassay
Once again the u1trap1ankton (5—20 uM), the most dominant fraction, was
affected by the addition of standard e1utriate (Figure 15). The t-test
ana1ysis indicated that the inhibition of 014 uptake was significant
(P<0.01) at 5%, 10% and 20% additions (Tab1e 4). CheTex® treatment brought
about a remarkab1e increase, or recovery, of C14 uptake at a11 additions but
high1y significant increases (P<0.001) were recorded when 10% and 20% additions
were made (Tab1e 6). The microp1ankton/netp1ankton were not affected by the
addition of each type of eTutriates.
Site 2 Bioassay
The addition of the Site 2 standard e1utriate to the u1trap1ankton
produced the most significant toxic effects in which as much as 35% of
the 014 uptake was reduced (Figure 16). The C14 uptake inhibition was
significant1y different than the contr01 (Tab1e 4) with the addition of 20%
standard e1utriate (P<0.001). The Che1ex® treatment showed significant
recovery on1y at the highest concentration and yet resu1ted in Tower 014
uptakes at 1% and 5% additions. The impact of Site 2 e1utriate was a1so seen
in the microp1ankton/netp1ankton component, which was genera11y found to be
more or 1ess resistant thus far. It showed an increasing inhibitory trend
(Figure 16, TabTe 5) with increasing dosages of the standard e1utriate which
was significant1y Tower than the contr01 C14 uptake (Tab1e 5). The
CheTex® treatment did not bring about much change or recovery.
Site 3 Bioassay
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high
er
con
cen
tra
tio
ns
(fo
r p
va1
ues
see
Tab
Te
6).
Mic
rop
Tan
kto
n/n
etp
1an
kto
n w
ere
sig
nif
ica
nt1
y a
ffe
cte
d a
s i
n S
ite
2,
due
to
the
add
iti
on
of
the
sta
nda
rd
e1u
tri
ate
and
exh
ibi
ted
an
inh
ibi
tor
y t
ren
d (
Tab
1es
4 a
nd
5).
A h
igh
1y
sig
nif
ica
nt
rec
ove
ry
of
01‘
upt
ake
was
rec
ord
ed
wit
h C
he1
ex0
-tr
eat
ed
e1utriate (Tab1e 6, 20% addition).
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 TABLE 4.
SI
GN
IF
IC
AN
CE
OF
TO
LE
DO
CO
NT
RO
LS
1S
ST
AN
DA
RD
EL
UT
RI
AT
ES
PRO
BAB
ILI
TIE
S:
P<0
.0S
IS
SIG
NIF
ICA
NT
DIF
FER
ENC
E
ELUTRIATE CONCENTRATION
SAM
PLE
IDE
NTI
FIC
ATI
ON
1%
5%
10%
20%
ULTRAPLANKTON 5-20 pm C1‘ UPTAKES
To
le
do
Co
mp
os
it
e
24
/0
4/
84
N
N
**
**
*
To
le
do
Si
te
#1
25
/0
4/
84
N
**
**
**
To
le
do
Si
te
#2
26
/0
4/
84
N
**
**
**
*
T
o
l
e
d
o
Si
te
#
3
2
6
/
0
4
/
8
4
N
*
*
**
*
MI
CR
OP
LA
NK
TO
N/
NE
TP
LA
NK
TO
N
>2
0
um
C1‘
UP
TA
KE
S
To
le
do
Co
mp
os
it
e
24
/0
4/
84
N
N
N
N
To
le
do
Si
te
#1
25
/0
4/
84
N
N
N
*
To
le
do
Si
te
#2
26
/0
4/
84
N
N
**
**
To
le
do
Si
te
#3
26
/0
4/
84
N
N
**
**
*
N — Nonsignificant
* — p<0.05
** — p<0.0l
*** - p<0.00l
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TO
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ST
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RD
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BI
TI
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NT
RO
L
ELUTRIATE CONCENTRATION
SA
MP
LE
ID
EN
TI
FI
CA
TI
ON
1%
5%
10
%
20
%
ULTRAPLANKTON 5-20 pm
 
To
1e
do
Co
mp
os
it
e
24
/0
4/
84
—1
6
11
21
To
1e
do
Si
te
#1
25
/0
4/
84
18
I
20
20
11
To
1e
do
Si
te
#2
26
/0
4/
84
6
13
22
35
To
1e
do
Si
te
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26
/0
4/
84
7
14
14
33
Re
pr
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en
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ti
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17
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 TABLE 6.
SI
GN
IF
IC
AN
CE
OF
TO
LD
EO
ST
AN
DA
RD
XS
CH
EL
EX
O—
TR
EA
TE
D
EL
UT
RI
AT
ES
_
PR
OB
AB
IL
IT
IE
S:
P<
0.
05
IS
SI
GN
IF
IC
AN
T
DI
FF
ER
EN
CE
}
ELUTRIATE CONCENTRATION
SA
MP
LE
ID
EN
TI
FI
CA
TI
ON
1%
5%
10
%
20
%
UL
TR
AP
LA
NK
TO
N
5—
20
um
C1
‘
UP
TA
KE
S
  
T
o
T
e
d
o
C
o
m
p
o
s
i
t
e
2
4
/
0
4
/
8
4
N
N
*
*
*
*
T
0
1
e
d
o
S
i
t
e
#1
2
5
/
0
4
/
8
4
N
**
*
*
*
*
*
*
ﬂ
T
o
T
e
d
o
S
i
t
e
#
2
2
6
/
0
4
/
8
4
*
*
*
N
m
T
o
l
e
d
o
S
i
t
e
#
3
2
6
/
0
4
/
8
4
*
*
*
*
N
*
*
*
ELUTRIATE CONCENTRATION
SA
MP
LE
ID
EN
TI
FI
CA
TI
ON
1%
5%
10
%
20
%
MI
CR
OP
LA
NK
TO
N/
NE
TP
LA
NK
TO
N
>2
0
um
C1
“
UP
TA
KE
S
To
Te
do
Co
mp
os
it
e
24
/0
4/
84
N
N
**
N
To
le
do
Si
te
#1
25
/0
4/
84
N
N
N
N
To
Te
do
Si
te
#2
26
/0
4/
84
N
N
N
**
To
Te
do
Si
te
#3
26
/0
4/
84
N
N
N
**
N - Nonsignificant
* - p<0.05
** - p<0.01
*** — p<0.001
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DISCUSSION
T
h
e
D
r
e
d
g
i
n
g
S
u
b
c
o
m
m
i
t
t
e
e
(
T
9
8
2
)
p
u
b
l
i
s
h
e
d
t
h
e
"
G
u
i
d
e
l
i
n
e
s
a
n
d
R
e
g
i
s
t
e
r
f
o
r
t
h
e
E
v
a
l
u
a
t
i
o
n
o
f
G
r
e
a
t
L
a
k
e
s
D
r
e
d
g
i
n
g
P
r
o
j
e
c
t
s
“
w
h
i
c
h
w
a
s
b
a
s
e
d
o
n
t
h
e
p
r
i
n
c
i
p
l
e
o
f
n
o
n
d
e
g
r
a
d
a
t
i
o
n
.
T
h
e
S
u
b
c
o
m
m
i
t
t
e
e
r
e
c
o
m
m
e
n
d
e
d
t
h
e
s
i
t
e
—
s
p
e
c
i
f
i
c
a
p
p
r
o
a
c
h
f
o
r
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
r
e
v
i
e
w
,
f
o
r
w
h
i
c
h
g
u
i
d
e
l
i
n
e
s
h
a
v
e
b
e
e
n
m
a
d
e
a
v
a
i
l
a
b
l
e
.
C
o
n
s
e
q
u
e
n
t
l
y
,
T
o
r
o
n
t
o
a
n
d
T
o
l
e
d
o
h
a
r
b
o
u
r
s
w
e
r
e
c
h
o
s
e
n
t
o
t
e
s
t
a
n
d
j
u
d
g
e
t
h
e
a
p
p
l
i
c
a
b
i
l
i
t
y
a
n
d
s
u
i
t
a
b
i
l
i
t
y
o
f
t
h
e
p
r
o
p
o
s
e
d
g
u
i
d
e
l
i
n
e
s
.
T
h
e
c
o
n
c
l
u
s
i
o
n
s
a
n
d
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
o
f
t
h
e
D
r
e
d
g
i
n
g
S
u
b
c
o
m
m
i
t
t
e
e
e
m
p
h
a
s
i
z
e
d
t
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
b
i
o
a
s
s
e
s
s
m
e
n
t
,
a
s
a
n
e
v
a
l
u
a
t
i
o
n
t
o
o
l
,
t
o
s
u
p
p
l
e
m
e
n
t
a
n
d
c
o
n
f
i
r
m
t
h
e
r
e
s
u
l
t
s
o
f
t
h
e
b
u
l
k
c
h
e
m
i
c
a
l
c
h
a
r
a
c
t
e
r
i
z
a
t
i
o
n
.
F
u
r
t
h
e
r
m
o
r
e
,
t
h
e
S
u
b
c
o
m
m
i
t
t
e
e
r
e
c
o
m
m
e
n
d
e
d
f
u
r
t
h
e
r
r
e
f
i
n
e
m
e
n
t
a
n
d
s
t
a
n
d
a
r
d
i
z
a
t
i
o
n
o
f
b
i
o
a
s
s
e
s
s
m
e
n
t
t
e
c
h
n
i
q
u
e
s
c
u
r
r
e
n
t
l
y
a
v
a
i
l
a
b
l
e
f
o
r
a
c
o
m
p
r
e
h
e
n
s
i
v
e
a
n
d
p
e
r
i
o
d
i
c
s
u
r
v
e
i
l
l
a
n
c
e
o
f
s
e
d
i
m
e
n
t
—
b
o
u
n
d
c
o
n
t
a
m
i
n
a
n
t
s
i
n
the Great Lakes.
T
h
e
G
r
e
a
t
L
a
k
e
s
F
i
s
h
e
r
i
e
s
R
e
s
e
a
r
c
h
B
r
a
n
c
h
(
G
L
F
R
B
)
,
F
i
s
h
e
r
i
e
s
a
n
d
O
c
e
a
n
s
C
a
n
a
d
a
,
h
a
s
b
e
e
n
a
c
t
i
v
e
l
y
s
u
p
p
o
r
t
i
n
g
a
n
d
e
m
p
h
a
s
i
z
i
n
g
t
h
e
n
e
e
d
f
o
r
r
e
s
e
a
r
c
h
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
b
y
e
v
a
l
u
a
t
i
n
g
t
h
e
i
m
p
a
c
t
o
f
w
a
t
e
r
b
o
r
n
e
a
n
d
s
e
d
i
m
e
n
t
~
b
o
u
n
d
c
o
n
t
a
m
i
n
a
n
t
s
o
n
l
o
w
e
r
t
r
o
p
h
i
c
l
e
v
e
l
s
s
u
c
h
a
s
p
h
y
t
o
p
l
a
n
k
t
o
n
(
M
u
n
a
w
a
r
a
n
d
M
u
n
a
w
a
r
,
l
9
8
2
)
.
S
u
c
h
a
r
e
c
o
m
m
e
n
d
a
t
i
o
n
i
s
p
u
r
e
l
y
b
a
s
e
d
o
n
t
h
e
f
a
c
t
t
h
a
t
m
i
c
r
o
o
r
g
a
n
i
s
m
s
,
s
u
c
h
a
s
p
h
y
t
o
p
l
a
n
k
t
o
n
,
a
r
e
t
h
e
m
o
s
t
a
b
u
n
d
a
n
t
t
y
p
e
o
f
b
i
o
t
a
(
V
o
l
l
e
n
w
e
i
d
e
r
g
t
g
1
.
l
9
7
4
)
,
h
a
v
e
v
e
r
y
s
h
o
r
t
g
e
n
e
r
a
t
i
o
n
t
i
m
e
s
(
M
u
n
a
w
a
r
g
t
g
1
.
l
9
7
8
)
,
a
n
d
h
a
v
e
b
e
e
n
s
h
o
w
n
t
o
b
e
f
r
a
g
i
l
e
a
n
d
s
e
n
s
i
t
i
v
e
t
o
e
n
v
i
r
o
n
m
e
n
t
a
l
p
e
r
t
u
r
b
a
t
i
o
n
s
(
M
u
n
a
w
a
r
,
l
9
8
2
;
M
u
n
a
w
a
r
g
t
g
1
.
l
9
8
3
)
.
T
h
e
r
e
f
o
r
e
,
t
h
e
p
h
y
t
o
p
l
a
n
k
t
o
n
a
r
e
m
o
r
e
v
u
l
n
e
r
a
b
l
e
t
o
t
h
e
e
f
f
e
c
t
s
o
f
d
r
e
d
g
i
n
g
a
n
d
d
i
s
p
o
s
a
l
a
c
t
i
v
i
t
i
e
s
.
I
t
h
a
s
a
l
s
o
b
e
e
n
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
u
l
t
r
a
p
l
a
n
k
t
o
n
(
<
2
0
u
m
)
p
r
o
v
i
d
e
t
h
e
m
a
j
o
r
f
o
o
d
r
e
s
o
u
r
c
e
f
o
r
z
o
o
p
l
a
n
k
t
o
n
(
R
o
s
s
a
n
d
M
u
n
a
w
a
r
,
l
9
8
l
)
.
C
o
n
s
e
q
u
e
n
t
l
y
,
o
u
r
a
p
p
r
o
a
c
h
h
a
s
b
e
e
n
t
o
d
i
s
c
e
r
n
a
n
y
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
a
c
t
o
n
t
h
i
s
i
m
p
o
r
t
a
n
t
a
n
d
f
o
o
d
r
e
s
o
u
r
c
e
.
T
h
e
e
l
i
m
i
n
a
t
i
o
n
o
f
t
h
i
s
r
e
s
o
u
r
c
e
w
o
u
l
d
b
e
d
e
t
r
i
m
e
n
t
a
l
,
n
o
t
o
n
l
y
t
o
t
h
e
f
i
s
h
e
r
i
e
s
,
b
u
t
t
o
t
h
e
e
n
t
i
r
e
f
o
o
d
c
h
a
i
n
d
y
n
a
m
i
c
s
.
T
h
i
s
T
o
r
o
n
t
o
—
T
o
l
e
d
o
b
i
o
a
s
s
e
s
s
m
e
n
t
,
c
a
r
r
i
e
d
o
u
t
a
t
G
L
F
R
B
,
i
s
m
a
i
n
l
y
f
o
c
u
s
e
d
o
n
t
h
e
i
m
p
a
c
t
o
f
s
e
d
i
m
e
n
t
e
l
u
t
r
i
a
t
e
s
o
n
u
l
t
r
a
p
l
a
n
k
t
o
n
p
r
o
d
u
c
t
i
v
i
t
y
b
y
m
e
a
n
s
o
f
A
l
g
a
l
F
r
a
c
t
i
o
n
a
t
i
o
n
B
i
o
a
s
s
a
y
s
(
A
F
B
s
)
.
A
d
e
t
a
i
l
e
d
t
r
e
a
t
m
e
n
t
o
f
b
o
t
h
t
h
e
h
a
r
b
o
u
r
s
i
n
q
u
e
s
t
i
o
n
i
s
g
i
v
e
n
i
n
a
D
r
e
d
g
i
n
g
S
u
b
c
o
m
m
i
t
t
e
e
r
e
p
o
r
t
(
1
9
8
3
)
.
A
n
a
t
t
e
m
p
t
w
i
l
l
b
e
m
a
d
e
h
e
r
e
t
o
t
r
e
a
t
t
h
e
r
e
p
o
r
t
a
s
a
b
a
s
e
l
i
n
e
t
o
w
h
i
c
h
r
e
s
u
l
t
s
o
f
o
u
r
r
e
c
e
n
t
a
n
a
l
y
s
e
s
w
i
l
l
b
e
c
o
m
p
a
r
e
d
.
F
o
r
e
x
a
m
p
l
e
,
o
u
r
r
e
c
e
n
t
a
n
a
l
y
s
i
s
o
f
t
h
e
T
o
r
o
n
t
o
c
o
m
p
o
s
i
t
e
s
a
m
p
l
e
i
n
d
i
c
a
t
e
d
t
h
a
t
i
t
c
o
n
t
a
i
n
e
d
s
e
v
e
r
a
l
h
e
a
v
y
m
e
t
a
l
s
,
n
a
m
e
l
y
Z
n
,
C
r
,
V
,
N
i
,
P
b
,
a
n
d
C
u
o
f
w
h
i
c
h
Z
n
a
n
d
C
r
c
o
n
t
r
i
b
u
t
e
d
s
i
g
n
i
f
i
c
a
n
t
l
y
.
H
o
w
e
v
e
r
,
t
h
e
e
l
u
t
r
i
a
t
e
a
n
a
l
y
s
e
s
s
h
o
w
e
d
m
a
i
n
l
y
Z
n
a
n
d
M
n
a
s
t
h
e
d
o
m
i
n
a
n
t
m
e
t
a
l
s
a
l
o
n
g
w
i
t
h
r
e
l
a
t
i
v
e
l
y
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
a
n
d
n
i
t
r
o
g
e
n
.
A
s
f
a
r
a
s
t
h
e
i
n
d
i
v
i
d
u
a
l
o
r
d
i
s
c
r
e
t
e
s
a
m
p
l
e
s
w
e
r
e
c
o
n
c
e
r
n
e
d
,
S
i
t
e
1
s
e
d
i
m
e
n
t
c
o
n
t
a
i
n
e
d
e
x
t
r
e
m
e
l
y
h
i
g
h
l
e
v
e
l
s
o
f
P
b
(
l
,
0
0
8
u
g
/
g
m
)
,
Z
n
(
5
T
0
p
g
/
g
m
)
,
C
r
(
2
4
0
p
g
/
g
m
)
a
n
d
C
u
(
l
9
0
p
g
/
g
m
)
.
S
i
t
e
s
2
a
n
d
3
h
a
d
s
i
m
i
l
a
r
c
h
e
m
i
c
a
l
c
o
m
p
o
s
i
t
i
o
n
s
w
i
t
h
r
e
l
a
t
i
v
e
l
y
h
i
g
h
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
Z
n
a
n
d
P
b
.
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The
elu
tri
ate
che
mis
try
of
the
Tor
ont
o c
omp
osi
te
and
ind
ivi
dua
l s
amp
les
did
not
ind
ica
te
the
pre
sen
ce
of
the
num
ero
us
met
als
fou
nd
in
the
sed
ime
nts
.
How
eve
r,
in
all
cas
es
Zn
rem
ain
ed
at
det
ect
abl
e c
onc
ent
rat
ion
s (
8—2
0 p
g/L)
in
the
sta
nda
rd
elu
tri
ate
s w
hil
e t
he
oth
er
met
als
wer
e b
elo
w d
ete
cti
on
leve
ls.
Mn
had
qui
te
hig
h c
onc
ent
rat
ion
s i
n t
he
sta
nda
rd
elu
tri
ate
s o
f S
ite
s
1,
2,
and
3 w
ith
Sit
e 2
hav
ing
the
hig
hes
t a
t 1
70
pg/
L a
nd
Sit
e 3
wit
h t
he
lowest at 20 pg/L.
Lev
els
of
pho
sph
oru
s a
nd
nit
rog
en
wer
e h
igh
at
all
thr
ee
sit
es
wit
h t
he
hig
hes
t p
hos
pho
rus
leve
l a
t S
ite
3 (
62
pg/
L)
and
hig
hes
t l
evel
of
nit
rog
en
at
Sit
e 2
(9.2
mg/
L).
The
se
res
ult
s s
hou
ld
the
n b
e c
omp
are
d w
ith
Ont
ari
o
Min
ist
ry
of
the
Env
iro
nme
nt
(l9
80)
dat
a f
or
the
Kea
tin
g C
han
nel
, t
he
wat
er—
front slips and the inner harbour.
The
tre
atm
ent
of
elu
tri
ate
s w
ith
Che
lex
®~l
OO
res
in
has
bee
n u
sed
to
sep
ara
te
the
dis
sol
ved
met
als
fro
m t
hos
e a
sso
cia
ted
wit
h s
tro
ng
lig
and
s
or
hel
d i
n o
rga
nic
and
ino
rga
nic
col
loi
ds
(Da
vey
gt
gt.
l97
0;
Abd
ell
ah
gt
_1.
l97
6;
Flo
ren
ce
and
Bat
ley
,
l97
7;
Kin
gst
on
gt
g1.
l97
8).
Suc
h
a p
roc
edu
re
was
suc
ces
sfu
lly
use
d
by
Mun
awa
r
gt
g1.
(19
83)
in
the
bio
ass
ays
of
the
Nia
gar
a
Riv
er
sed
ime
nt
elu
tri
ate
tox
ici
ty
tes
tin
g.
The
Che
lex
O—l
OO
tre
atm
ent
of
all
Tor
ont
o
elu
tri
ate
s
ind
ica
tes
tha
t
Zn
and
Mn
wer
e
usu
all
y
in
the
dis
sol
ved
for
m
whi
ch
wer
e
rem
ove
d
by
Che
lex
® t
rea
tme
nt.
How
eve
r,
in
som
e
ca
se
s
Ni
+
an
d
N0
3
co
nc
en
tr
at
io
ns
in
cr
ea
se
d
due
to
Ch
el
ex
O
tr
ea
tm
en
t.
It
can
the
ref
ore
be
con
clu
ded
tha
t
mos
t o
f
the
hea
vy
met
als
,
wit
h
the
exc
ept
ion
of
th
e
fe
w
me
nt
io
ne
d
ab
ov
e,
ar
e
in
co
mp
le
xe
d
fo
rm
s
si
nc
e
th
ey
we
re
no
t
se
pa
ra
te
d
by
Ch
el
ex
®
tr
ea
tm
en
t
or
di
d
no
t
el
ut
e
fr
om
th
e
se
di
me
nt
du
ri
ng
th
e
preparation of the elutriates.
Al
l
To
ro
nt
o
st
an
da
rd
el
ut
ri
at
es
ca
us
ed
si
gn
if
ic
an
t
in
hi
bi
ti
on
(T
ab
le
2,
t—
te
st
)
of
th
e
ul
tr
ap
la
nk
to
n
(5
—2
0
pm
),
C1
4
up
ta
ke
,
in
co
mp
ar
is
on
to
th
e
co
nt
ro
l.
Si
te
2
(T
ab
le
s
1
an
d
2)
st
an
da
rd
el
ut
ri
at
e
ca
us
ed
th
e
mo
st
si
gn
if
ic
an
t
in
hi
bi
ti
on
(38
%,
P<
0.
00
1)
of
C14
up
ta
ke
in
th
e
20
%
st
an
da
rd
el
ut
ri
at
e
ad
di
ti
on
.
Si
te
3
oc
cu
pi
ed
th
e
se
co
nd
po
si
ti
on
fo
r
ca
us
in
g
si
gn
if
ic
an
t
in
hi
bi
ti
on
of
C1
4
up
ta
ke
(2
9%
)
in
th
e
20
%
ad
di
ti
on
.
In
ge
ne
ra
l,
ef
fe
ct
s
of
di
ss
ol
ve
d
me
ta
ls
on
C1
4
up
ta
ke
we
re
ap
pa
re
nt
si
nc
e
th
e
re
mo
va
l
of
th
e
di
ss
ol
ve
d
me
ta
ls
by
Ch
el
ex
O
tr
ea
tm
en
t
ca
us
ed
th
e
re
co
ve
ry
of
C1
4
up
ta
ke
ab
ov
e
st
an
da
rd
el
ut
ri
at
e
up
ta
ke
le
ve
l,
su
gg
es
ti
ng
a
mo
re
or
le
ss
re
du
ct
io
n
of
to
xi
ci
ty
.
Th
is
is
in
ag
re
em
en
t
wi
th
th
e
bi
oa
ss
es
sm
en
t
of
Ni
ag
ar
a
Ri
ve
r
re
po
rt
ed
by
Mu
na
wa
r
gt
g1
.
(1
98
3)
.
Ge
oc
he
mi
ca
l
an
al
ys
es
of
th
e
To
le
do
co
mp
os
it
e
se
di
me
nt
sa
mp
le
re
ve
al
ed
th
e
pr
es
en
ce
of
a
nu
mb
er
of
he
av
y
me
ta
ls
,
na
me
ly
Zn
,
Cr
,
V,
Pb
,
Ni
an
d
Cu
,
of
wh
ic
h
Zn
an
d
Cr
we
re
th
e
mo
st
do
mi
na
nt
.
Ho
we
ve
r,
on
ly
Zn
,
Mn
,
Cu
,
Fe
,
ph
os
ph
or
us
an
d
ni
tr
og
en
re
ma
in
ed
at
de
te
ct
ab
le
le
ve
ls
in
th
e
st
an
da
rd
el
ut
ri
at
e.
Ch
el
ex
®
tr
ea
tm
en
t
of
th
e
co
mp
os
it
e
el
ut
ri
at
e
ef
fe
ct
iv
el
y
re
mo
ve
d
bo
th
Zn
an
d
Mn
,
bu
t
Cu
an
d
Fe
ac
tu
al
ly
in
cr
ea
se
d
in
co
nc
en
tr
at
io
n
in
so
me
cases.
Th
e
in
di
vi
du
al
sa
mp
le
s
of
To
le
do
Ha
rb
or
ha
d
se
di
me
nt
co
mp
os
it
io
ns
si
mi
la
r
to
th
e
co
mp
os
it
e.
Si
te
1
se
di
me
nt
sa
mp
le
ha
d
th
e
hi
gh
es
t
co
nc
en
tr
at
io
ns
of
me
ta
ls
,
wh
er
e
Zn
(2
85
pg
/g
m)
an
d
Cr
(l
68
pg
/g
m)
we
re
th
e
mo
st
pr
ev
al
en
t.
45
  
E
l
u
t
r
i
a
t
i
o
n
o
f
t
h
i
s
s
e
d
i
m
e
n
t
f
a
i
l
e
d
t
o
e
x
t
r
a
c
t
t
h
e
s
e
m
e
t
a
l
s
a
n
d
h
e
n
c
e
S
i
t
e
l
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
h
a
d
t
h
e
l
o
w
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
t
a
l
s
.
S
i
t
e
2
s
e
d
i
m
e
n
t
s
a
m
p
l
e
h
a
d
t
h
e
l
o
w
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
t
a
l
s
b
u
t
s
h
o
w
e
d
t
h
e
g
r
e
a
t
e
s
t
e
x
t
r
a
c
t
i
o
n
o
f
t
h
e
s
e
m
e
t
a
l
s
b
y
e
l
u
t
r
i
a
t
i
o
n
s
o
t
h
a
t
t
h
e
S
i
t
e
2
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
h
a
d
h
i
g
h
e
s
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
C
u
(
l
6
p
g
/
L
)
,
Z
n
(
3
0
p
g
/
L
)
,
F
e
(
3
9
p
g
/
L
)
a
n
d
M
n
(
4
0
0
p
g
/
L
)
.
S
i
t
e
3
s
e
d
i
m
e
n
t
s
a
m
p
l
e
h
a
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
t
a
l
s
s
i
m
i
l
a
r
t
o
S
i
t
e
2
,
w
i
t
h
Z
n
(
l
9
?
u
g
/
g
m
)
a
n
d
C
r
(
T
4
5
p
g
/
g
m
)
a
s
t
h
e
d
o
m
i
n
a
n
t
m
e
t
a
l
s
.
E
l
u
t
r
i
a
t
i
o
n
o
f
t
h
i
s
s
a
m
p
l
e
e
x
t
r
a
c
t
e
d
C
u
(
l
l
u
g
/
L
)
,
Z
n
(
4
p
g
/
L
)
,
F
e
(
2
7
u
g
/
L
)
,
a
n
d
M
n
(
6
0
0
p
g
/
L
)
b
u
t
n
o
t
t
h
e
o
t
h
e
r
m
e
t
a
l
s
.
S
i
t
e
4
s
e
d
i
m
e
n
t
w
a
s
n
o
t
u
s
e
d
f
o
r
e
l
u
t
r
i
a
t
e
p
r
e
p
a
r
a
t
i
o
n
b
u
t
w
a
s
u
s
e
d
i
n
t
h
e
c
o
m
p
o
s
i
t
e
s
a
m
p
l
e
f
o
r
m
a
t
i
o
n
.
A
l
s
o
,
l
i
k
e
t
h
e
c
o
m
p
o
s
i
t
e
e
l
u
t
r
i
a
t
e
,
C
h
e
l
e
x
®
t
r
e
a
t
m
e
n
t
o
f
e
l
u
t
r
i
a
t
e
s
f
r
o
m
e
a
c
h
s
i
t
e
e
f
f
e
c
t
i
v
e
l
y
r
e
m
o
v
e
d
Z
n
a
n
d
M
n
b
u
t
i
n
c
r
e
a
s
e
s
i
n
C
u
a
n
d
F
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
e
r
e
o
b
s
e
r
v
e
d
(
e
x
c
e
p
t
S
i
t
e
2
i
n
w
h
i
c
h
C
u
w
a
s
r
e
d
u
c
e
d
a
n
d
S
i
t
e
3
w
h
e
r
e
F
e
w
a
s
reduced).
E
l
u
t
r
i
a
t
e
l
e
v
e
l
s
o
f
p
h
o
s
p
h
o
r
u
s
a
n
d
n
i
t
r
o
g
e
n
w
e
r
e
g
e
n
e
r
a
l
l
y
h
i
g
h
a
t
a
l
l
t
h
r
e
e
T
o
l
e
d
o
s
i
t
e
s
e
x
c
e
p
t
S
i
t
e
3
(
4
p
g
/
L
)
.
T
h
e
h
i
g
h
e
s
t
p
h
o
s
p
h
o
r
u
s
l
e
v
e
l
w
a
s
o
b
s
e
r
v
e
d
a
t
S
i
t
e
1
(
3
6
p
g
/
L
)
a
n
d
t
h
e
h
i
g
h
e
s
t
l
e
v
e
l
o
f
n
i
t
r
o
g
e
n
a
t
S
i
t
e
2
(
7
m
g
/
L
o
f
N
H
3
)
,
w
h
i
c
h
a
l
s
o
h
a
d
a
f
a
i
r
l
y
h
i
g
h
l
e
v
e
l
o
f
P
0
4
.
A
l
l
T
o
l
e
d
o
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
s
c
a
u
s
e
d
s
i
g
n
i
f
i
c
a
n
t
i
n
h
i
b
i
t
i
o
n
o
f
t
h
e
u
l
t
r
a
—
p
l
a
n
k
t
o
n
(
5
—
2
0
p
m
)
C
1
4
u
p
t
a
k
e
f
r
o
m
t
h
a
t
o
f
t
h
e
c
o
n
t
r
o
l
(
T
a
b
l
e
s
4
a
n
d
5
)
.
S
i
t
e
2
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
c
a
u
s
e
d
t
h
e
g
r
e
a
t
e
s
t
s
i
g
n
i
f
i
c
a
n
t
i
n
h
i
b
i
t
i
o
n
(
3
5
%
,
P
<
0
.
0
0
1
)
o
f
t
h
e
C
1
4
u
p
t
a
k
e
b
y
t
h
e
u
l
t
r
a
p
l
a
n
k
t
o
n
a
s
w
e
l
l
a
s
t
h
e
m
i
c
r
o
—
p
l
a
n
k
t
o
n
/
n
e
t
p
l
a
n
k
t
o
n
(
2
8
%
,
P
<
0
.
0
l
)
.
S
i
t
e
3
w
a
s
v
e
r
y
s
i
m
i
l
a
r
t
o
S
i
t
e
2
i
n
i
t
s
i
n
h
i
b
i
t
i
o
n
o
f
C
1
4
u
p
t
a
k
e
b
y
b
o
t
h
t
h
e
u
l
t
r
a
p
l
a
n
k
t
o
n
a
n
d
m
i
c
r
o
p
l
a
n
k
t
o
n
/
n
e
t
p
l
a
n
k
t
o
n
.
C
h
e
l
e
x
®
t
r
e
a
t
m
e
n
t
o
f
t
h
e
l
e
a
s
t
t
o
x
i
c
e
l
u
t
r
i
a
t
e
,
S
i
t
e
l
T
o
l
e
d
o
,
e
f
f
e
c
t
i
v
e
l
y
r
e
m
o
v
e
d
Z
n
a
n
d
M
n
a
n
d
r
e
d
u
c
e
d
C
u
a
n
d
p
h
o
s
p
h
o
r
u
s
,
b
u
t
F
e
l
e
v
e
l
s
w
e
r
e
i
n
c
r
e
a
s
e
d
.
T
h
i
s
r
e
s
u
l
t
e
d
i
n
s
i
g
n
i
f
i
c
a
n
t
e
n
h
a
n
c
e
m
e
n
t
,
a
b
o
v
e
t
h
e
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
C
1
4
u
p
t
a
k
e
b
y
t
h
e
u
l
t
r
a
p
l
a
n
k
t
o
n
w
i
t
h
C
h
e
l
e
x
®
—
t
r
e
a
t
e
d
e
l
u
t
r
i
a
t
e
s
(
T
a
b
l
e
6
)
.
T
h
i
s
r
e
c
o
v
e
r
y
o
f
C
1
“
u
p
t
a
k
e
i
s
a
t
t
r
i
b
u
t
a
b
l
e
t
o
t
o
x
i
c
e
f
f
e
c
t
s
o
f
d
i
s
s
o
l
v
e
d
f
o
r
m
s
r
e
m
o
v
e
d
b
y
C
h
e
l
e
x
®
t
r
e
a
t
m
e
n
t
.
S
i
t
e
s
2
a
n
d
3
C
h
e
l
e
x
®
~
t
r
e
a
t
e
d
e
l
u
t
r
i
a
t
e
a
d
d
i
t
i
o
n
s
s
h
o
w
e
d
v
e
r
y
l
i
t
t
l
e
d
i
f
f
e
r
e
n
c
e
i
n
C
1
4
u
p
t
a
k
e
c
o
m
p
a
r
e
d
t
o
s
t
a
n
d
a
r
d
e
l
u
t
r
i
a
t
e
s
,
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
s
l
i
g
h
t
e
n
h
a
n
c
e
m
e
n
t
a
b
o
v
e
t
h
e
s
t
a
n
d
a
r
d
b
y
t
h
e
u
l
t
r
a
p
l
a
n
k
t
o
n
a
t
t
h
e
2
0
%
e
l
u
t
r
i
a
t
e
a
d
d
i
t
i
o
n
.
F
e
,
C
u
,
a
n
d
n
i
t
r
o
g
e
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
r
e
m
a
i
n
e
d
a
t
h
i
g
h
e
r
l
e
v
e
l
s
i
n
t
h
e
C
h
e
l
e
x
®
-
t
r
e
a
t
e
d
e
l
u
t
r
i
a
t
e
s
o
f
t
h
e
s
e
s
i
t
e
s
c
o
m
p
a
r
e
d
t
o
S
i
t
e
l
,
w
h
i
c
h
m
a
y
r
e
l
a
t
e
t
o
t
h
e
l
i
t
t
l
e
c
h
a
n
g
e
f
r
o
m
s
t
a
n
d
a
r
d
t
o
C
h
e
l
e
x
®
e
l
u
t
r
i
a
t
e
C
1
4
u
p
t
a
k
e
s
.
I
t
s
e
e
m
s
t
h
a
t
S
i
t
e
l
o
f
t
h
e
T
o
l
e
d
o
H
a
r
b
o
r
c
o
n
t
a
i
n
e
d
r
e
l
a
t
i
v
e
l
y
h
i
g
h
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
d
i
s
s
o
l
v
e
d
m
e
t
a
l
s
t
h
a
n
S
i
t
e
s
2
a
n
d
3
w
h
i
c
h
a
p
p
e
a
r
t
o
h
a
v
e
c
o
n
t
a
m
i
n
a
n
t
s
i
n
a
c
o
m
p
l
e
x
e
d
f
o
r
m
.
A
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e
i
m
p
a
c
t
o
f
e
l
u
t
r
i
a
t
e
s
f
r
o
m
T
o
r
o
n
t
o
a
n
d
T
o
l
e
d
o
h
a
r
b
o
u
r
s
o
n
u
l
t
r
a
p
l
a
n
k
t
o
n
a
n
d
m
i
c
r
o
p
l
a
n
k
t
o
n
/
n
e
t
p
l
a
n
k
t
o
n
i
s
a
t
t
e
m
p
t
e
d
i
n
T
a
b
l
e
7
,
b
a
s
e
d
o
n
o
u
r
b
i
o
a
s
s
e
s
s
m
e
n
t
e
x
p
e
r
i
m
e
n
t
s
.
I
n
t
h
i
s
s
u
m
m
a
r
y
t
a
b
l
e
w
e
h
a
v
e
g
i
v
e
n
a
n
e
s
t
i
m
a
t
e
o
f
E
C
S
O
(
E
f
f
e
c
t
i
v
e
C
o
n
c
e
n
t
r
a
t
i
o
n
r
e
q
u
i
r
e
d
t
o
i
n
h
i
b
i
t
C
1
4
u
p
t
a
k
e
b
y
5
0
%
)
f
o
r
b
o
t
h
t
y
p
e
s
o
f
p
l
a
n
k
t
o
n
a
s
s
e
m
b
l
a
g
e
s
.
F
u
r
t
h
e
r
m
o
r
e
,
w
e
h
a
v
e
i
n
t
r
o
d
u
c
e
d
,
46
TABLE 7.
PERCENT ELUTRIATE REQUIRED FOR ECSO AND TT25
   
5—20 pm >20 um
SAM
PLE
IDE
NTI
FIC
ATI
ON
ECS
O
TT2
5
E05
0
TT2
5
Tor
ont
o C
omp
osi
te
16/
04/
84
A0*
21.
0
AD
AD
Tor
ont
o S
ite
#1
16/
04/
84
70.
0
18.
0
54.
0
20.5
Tor
ont
o S
ite
#2
17/
04/
84
52.
0
8.4
68.
0
20.
0
Tor
ont
o S
ite
#3
17/
04/
84
55.
0
16.
5
41.
0
17.
5
Rep
res
ent
ati
ve
mea
n
>59
.0
16.
0
>54
3
>19
3
To1
edo
Com
pos
ite
24/
04/
84
A0
26.
0
AD
57.
0
To1
edo
Sit
e #
1
25/
04/
84
AD
AD
39.
0
18.
5
To1
edo
Sit
e #
2
26/
04/
84
45.
0
11.
7
45.
0
14.
0
To1
edo
Sit
e #
3
26/
04/
84
40.
0
14.
8
22.
0
10.
0
Rep
res
ent
ati
ve
mea
n
>42
.5
>17
.5
>35
.3
24.
0
*AD — above detection.
  
for
the
fir
st
tim
e,
a n
ew
ter
m T
T25
(To
xic
ity
Thr
esh
old
con
cen
tra
tio
n r
equ
ire
d
to
inh
ibi
t
C14
upt
ake
by
25%
).
The
ter
m T
T25
is
pro
pos
ed
as
a t
hre
sho
ld
of
con
cer
n f
or
man
age
men
t a
nd
reg
ula
tor
y a
gen
cie
s w
ho
cou
ld
be
ala
rme
d w
hen
suc
h a
con
cen
tra
tio
n i
s r
eac
hed
.
For
exa
mpl
e,
one
can
vis
ual
ize
tha
t t
he
mos
t t
oxi
c e
lut
ria
te
to
ult
rap
lan
kto
n,
fro
m T
oro
nto
Har
bou
r S
ite
2,
rel
ate
d t
o a
n E
C50
of
52%
sta
nda
rd
elu
tri
ate
con
cen
tra
tio
n,
whe
re
as
the
TT2
5
was
onl
y 8
% s
tan
dar
d e
lut
ria
te
con
cen
tra
tio
n (
Tab
le
7).
Sim
ila
rly
, T
ole
do
Sit
e
2 s
tan
dar
d
elu
tri
ate
cau
sed
the
gre
ate
st
inh
ibi
tio
n
of
ult
rap
lan
kto
n
C14
upt
ake
whi
ch
was
ana
log
ous
to
an
ECS
O o
f 4
5%
and
a T
T25
of
ll.
7%
(Ta
ble
7).
Com
par
ing
the
two
har
bou
rs,
in
a g
ene
ral
fas
hio
n b
ase
d o
n
bio
ass
ess
men
t,
sug
ges
ts
tha
tth
e T
oro
nto
com
pos
ite
sam
ple
was
rel
ati
vel
y m
ore
tox
ic
tha
n t
he
Tol
edo
com
pos
ite
sam
ple
sin
ce
it
req
uir
ed
onl
y a
21%
sta
nda
rd
elu
tri
ate
con
cen
tra
tio
n t
o a
chi
eve
a T
T25
as
opp
ose
d t
o 2
6%
con
cen
tra
tio
n f
or
Tol
edo
.
How
eve
r,
com
par
iso
n
of
ind
ivi
dua
l
sam
ple
s d
emo
nst
rat
es
tha
t T
T25
's
ran
ge
fro
m 8
% t
o 1
8%
for
Tor
ont
o a
s o
ppo
sed
to
a r
ang
e o
f l
2%
to
25%
sta
nda
rd
elu
tri
ate
s c
onc
ent
rat
ion
s f
or
Tol
edo
TT2
5's
.
Thi
s s
ugg
est
s t
hat
the
two
har
bou
rs
are
sim
ila
r i
n t
erm
s o
f t
hei
r s
edi
men
t b
ond
tox
ici
ty.
Nei
the
r o
f
the
se
two
har
bou
rs
sho
wed
inh
ibi
tio
n o
f C
14
upt
ake
as
sev
ere
as
obs
erv
ed
in
the
bio
ass
ays
con
duc
ted
wit
h
Nia
gar
a R
ive
r s
edi
men
ts
(Mu
naw
ar
gt
a1.
198
3).
In
con
clu
sio
n,
Tor
ont
o-T
ole
do
har
bou
rs
cle
arl
y d
emo
nst
rat
ed
the
nee
d
and
nec
ess
ity
of
bio
ass
ess
men
t o
f s
edi
men
ts
as
a m
ana
gem
ent
tool
to
sup
ple
men
t
the
tra
dit
ion
al
bul
k c
hem
ica
l
cha
rac
ter
iza
tio
n.
Fro
m t
he
res
ult
s,
it
is
app
are
nt
tha
t o
ur
tec
hni
que
is
sen
sit
ive
, f
ast
and
ine
xpe
nsi
ve
evi
den
ce
for
the
det
ect
ion
of
eff
ect
s d
ue
to
the
bio
ava
ila
bil
ity
of
sed
ime
nt—
bou
nd
con
tam
ina
nts
.
It
cou
ld
the
ref
ore
be
use
d a
s a
bas
is
for
the
dev
elo
pme
nt
of
gui
del
ine
s f
or
sed
ime
nt
mon
ito
rin
g p
rog
ram
s i
n t
he
Gre
at
Lak
es.
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 Section 11
INTRODUCTION
In t
he s
umme
r of
l983
a mu
lti—
labo
rato
ry a
sses
smen
t of
the
pote
ntia
l e
nvir
on-
menta
l im
pacts
of op
en wa
ter
dispo
sal
of se
dimen
t to
be dr
edged
from
the h
arbor
s
of T
oled
o,
Ohio
and
Toro
nto,
Onta
rio
was
init
iate
d.
Sedi
ment
was
to b
e co
llec
ted
and
unif
orm
samp
les
prov
ided
to t
he p
arti
cipa
ting
labo
rato
ries
unde
r th
e au
spic
es
of t
he D
redg
ing
Subc
ommi
ttee
, G
reat
Lake
s Wa
ter
Qual
ity
Boar
d, o
f th
e In
ter—
nati
onal
Join
t Co
mmis
sion
.
Each
labo
rato
ry w
as t
o as
sess
the
pote
ntia
l fo
r
envi
ronm
enta
l i
mpac
ts o
f op
en w
ater
disp
osal
as d
eeme
d ap
prop
riat
e.
Repo
rts
were
to a
ddre
ss t
he r
atio
nale
for
the
asse
ssme
nt a
ppro
ach
empl
oyed
, i
ts u
tili
ty
in r
egul
atin
g dr
edge
d ma
teri
al
disc
harg
es,
desc
ript
ion
of m
etho
ds f
ollo
wed,
resu
lts
obta
ined
, a
nd a
n as
sess
ment
of t
he p
oten
tial
impa
cts
of o
pen
wate
r
dis
pos
al.
Thi
s r
epo
rt
des
cri
bes
stu
die
s o
f t
he
pot
ent
ial
for
bio
acc
umu
lat
ion
of
con
tam
ina
nts
fro
m T
ole
do
and
Tor
ont
o h
arb
or
sed
ime
nts
by
aqu
ati
c o
rga
nis
ms,
con
duc
ted
by
the
Env
iro
nme
nta
l L
abo
rat
ory
of
the
U.S.
Arm
y E
ngi
nee
r W
ate
rwa
ys
Experiment Station, Vicksburg, Mississippi.
RAT
ION
ALE
FOR
DET
ERM
INI
NG
BIO
ACC
UHU
LAT
IDN
FRO
M S
EDI
MEN
TS
The
bas
ic
rea
son
for
env
iro
nme
nta
l
con
cer
n a
bou
t d
red
gin
g
ind
ust
ria
liz
ed
har
bor
sed
ime
nts
is
the
pot
ent
ial
for
adv
ers
e b
iol
ogi
cal
con
seq
uen
ces
of
mob
ili
zin
g c
ont
ami
nan
ts
in
the
sed
ime
nts
,
and
not
the
mer
e p
res
enc
e o
f t
hos
e
con
tam
ina
nts
.
Che
mic
al
ass
ess
men
ts
can
qua
nti
fy
the
pre
sen
ce
of
con
tam
ina
nts
in
sed
ime
nts
,
but
can
not
det
erm
ine
the
amo
unt
tha
t
is
bio
log
ica
lly
ava
ila
ble
.
The
ref
ore
,
bio
log
ica
l
ass
ess
men
t
met
hod
s
are
use
d
to
dir
ect
ly
eva
lua
te
the
bio
ava
ila
bil
ity
of
con
tam
ina
nts
fro
m
sed
ime
nts
and
the
ir
pot
ent
ial
bio
log
ica
l
imp
act
s.
Thi
s
is
the
app
roa
ch
to
con
tam
ina
nts
tak
en
in
the
U.S
.
Oce
an
Dum
pin
g
Reg
ula
tio
ns
whe
re*
“ .
. .
. . E
PA
cam
e
to
the
con
clu
sio
n
tha
t
the
bas
is
for
re
gu
la
ti
on
sh
ou
ld
be
th
e
pr
ob
ab
le
im
pa
ct
of
th
es
e
co
ns
ti
tu
en
ts
on
th
e
bi
ot
a
an
d
th
at
th
e
me
as
ur
em
en
t
te
ch
ni
qu
es
us
ed
sh
ou
ld
be
bi
oa
ss
ay
s
on
th
e
wa
st
e
it
se
lf
“
(U
.S
.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(U
.S
.
EP
A,
l9
77
c)
.
To
xi
ci
ty
an
d
bi
oa
cc
um
ul
at
io
n
te
st
s
ha
ve
be
en
re
qu
ir
ed
on
dr
ed
ge
d
ma
te
ri
al
pr
op
os
ed
fo
r
oc
ea
n
di
sp
os
al
in
th
e
Un
it
ed
St
at
es
si
nc
e
l9
77
(U
.S
.
EP
A,
l9
77
b)
.
Ex
pe
ri
en
ce
ha
s
sh
ow
n
mo
st
dr
ed
ge
d
ma
te
ri
al
s
po
se
li
tt
le
ri
sk
of
ca
us
in
g
ac
ut
e
to
xi
ci
ty
wh
en
di
sp
os
ed
in
op
en
wa
te
r,
an
d
th
at
wh
en
to
xi
ci
ty
oc
cu
rs
it
is
re
ad
il
y
de
te
ct
ed
an
d
in
te
rp
re
te
d.
Th
e
mo
re
co
mm
on
co
nc
er
n
is
bi
oa
cc
um
ul
at
io
n
of
co
nt
am
in
an
ts
in
ti
ss
ue
s
of
be
nt
hi
c
an
d
ep
ib
en
th
ic
or
ga
ni
sm
s
wh
ic
h
ma
y
be
ex
po
se
d
to
de
po
si
ts
of
co
nt
am
in
at
ed
se
di
me
nt
fo
r
ex
te
nd
ed
pe
ri
od
s
at
th
e
di
sp
os
al
si
te
.
Wh
il
e
co
nt
am
in
an
ts
pr
es
en
t
in
th
e
se
di
me
nt
ma
y
no
t
be
ac
ut
el
y
to
xi
c,
th
ey
ma
y
be
bi
oa
va
il
ab
le
at
su
ch
ra
te
s
an
d
ex
te
nt
s
as
to
ac
cu
mu
la
te
in
ti
ss
ue
s
to
le
ve
ls
ca
us
in
g
ch
ro
ni
c
ad
ve
rs
e
ef
fe
ct
s
or
ma
y
be
co
me
av
ai
la
bl
e
to
hi
gh
er
pr
ey
or
ga
ni
sm
s,
in
cl
ud
in
g
hu
ma
ns
.
Th
is
is
pa
rt
ic
ul
ar
ly
tr
ue
of
pe
rs
is
te
nt
hy
dr
op
ho
bi
c
or
ga
ni
c
co
nt
am
in
an
ts
.
Th
e
st
ud
y
re
po
rt
ed
he
re
em
ph
as
iz
ed
bi
oa
cc
um
ul
at
io
n.
;U
.S
.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
.
19
77
.
"P
ro
po
se
d
Re
vi
si
on
to
Oc
ea
n
Du
mp
in
g
Cr
it
er
ia
:
Fi
na
l
En
vi
ro
nm
en
ta
l
Im
pa
ct
St
at
em
en
t,
“
Of
fi
ce
of
Wa
te
r
Pr
og
ra
m
Op
er
at
io
ns
,
Wa
sh
in
gt
on
,
DC
,
p.
83
.
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 T
h
e
p
r
o
c
e
d
u
r
e
s
d
e
s
c
r
i
b
e
d
in
t
h
e
"
M
a
t
e
r
i
a
l
s
a
n
d
M
e
t
h
o
d
s
"
s
e
c
t
i
o
n
w
e
r
e
u
t
i
l
i
z
e
d
f
o
r
r
e
s
e
a
r
c
h
p
u
r
p
o
s
e
s
a
n
d
w
o
u
l
d
n
o
t
b
e
r
e
c
o
m
m
e
n
d
e
d
f
o
r
r
o
u
t
i
n
e
r
e
g
u
l
a
t
o
r
y
u
s
e
w
i
t
h
o
u
t
e
x
t
e
n
s
i
v
e
s
i
m
p
l
i
f
y
i
n
g
m
o
d
i
f
i
c
a
t
i
o
n
s
.
H
o
w
e
v
e
r
,
s
i
m
p
l
i
f
i
e
d
v
e
r
s
i
o
n
s
of
t
h
i
s
b
a
s
i
c
a
p
p
r
o
a
c
h
h
a
v
e
b
e
e
n
u
s
e
d
t
o
e
v
a
l
u
a
t
e
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
p
o
t
e
n
t
i
a
l
of
a
l
l
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
p
r
o
p
o
s
e
d
f
o
r
o
c
e
a
n
d
u
m
p
i
n
g
in
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
s
i
n
c
e
1
9
7
7
.
A
n
i
m
p
l
e
m
e
n
t
a
t
i
o
n
m
a
n
u
a
l
c
o
n
t
a
i
n
i
n
g
a
b
i
o
—
a
c
c
u
m
u
l
a
t
i
o
n
t
e
s
t
i
n
g
p
r
o
c
e
d
u
r
e
of
m
i
n
i
m
u
m
c
o
m
p
l
e
x
i
t
y
a
c
c
e
p
t
a
b
l
e
f
o
r
r
e
g
u
l
a
t
o
r
y
p
u
r
p
o
s
e
s
t
o
t
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
a
n
d
t
h
e
U
.
S
.
C
o
r
p
s
of
E
n
g
i
n
e
e
r
s
(C
E)
w
a
s
p
u
b
l
i
s
h
e
d
j
o
i
n
t
l
y
b
y
t
h
e
E
P
A
/
C
E
T
e
c
h
n
i
c
a
l
C
o
m
m
i
t
t
e
e
on
C
r
i
t
e
r
i
a
f
o
r
D
r
e
d
g
e
d
a
n
d
F
i
l
l
M
a
t
e
r
i
a
l
(
U
.
S
.
E
P
A
/
C
E
,
1
9
7
7
)
.
A
t
a
n
a
v
e
r
a
g
e
of
60
m
i
l
l
i
o
n
c
ub
i
c
y
a
r
d
s
of
d
r
e
d
g
e
d
m
a
t
e
r
i
a
l
d
i
s
p
o
s
e
d
in
t
h
e
o
c
e
a
n
a
n
n
u
a
l
l
y
,
t
h
e
m
a
t
e
r
i
a
l
e
v
a
l
u
a
t
e
d
in
t
h
i
s
m
a
n
n
e
r
t
o
t
a
l
s
a
p
p
r
o
x
i
m
a
t
e
l
y
4
0
0
m
i
l
l
i
o
n
c
ub
i
c
y
a
r
d
s
s
i
n
c
e
19
77
,
a
n
d
i
n
v
o
l
v
e
s
h
u
n
d
r
e
d
s
of
s
e
p
a
r
a
t
e
p
r
o
j
e
c
t
s
.
S
o
m
e
e
v
a
l
u
a
t
i
o
n
s
of
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
p
o
t
e
n
t
i
a
l
c
o
n
d
u
c
t
e
d
f
o
r
r
e
g
u
l
a
t
o
r
y
p
u
r
p
o
s
e
s
by
v
a
r
i
o
u
s
m
e
t
h
o
d
s
h
a
v
e
b
e
e
n
r
e
p
o
r
t
e
d
in
t
h
e
s
c
i
e
n
t
i
f
i
c
l
i
t
e
r
a
t
u
r
e
(
P
e
d
d
i
c
o
r
d
an
d
H
a
n
s
e
n
,
19
83
;
R
u
b
i
n
s
t
e
i
n
g
t
g
1
.
1
9
8
3
;
A
l
d
e
n
a
n
d
Y
o
u
n
g
,
1
9
8
2
)
.
T
h
e
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
p
r
o
c
e
d
u
r
e
in
U.
S.
E
P
A
/
C
E
(1
97
7)
is
i
n
t
e
n
d
e
d
to
d
e
t
e
r
m
i
n
e
w
h
e
t
h
e
r
a
s
e
d
i
m
e
n
t
c
o
n
t
a
i
n
s
b
i
o
a
v
a
i
l
a
b
l
e
c
o
n
t
a
m
i
n
a
n
t
s
an
d,
t
h
e
r
e
f
o
r
e
,
ha
s
a
p
o
t
e
n
t
i
a
l
t
o
c
a
u
s
e
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
.
In
c
o
m
m
o
n
r
e
g
u
l
a
t
o
r
y
p
r
a
c
t
i
c
e
w
i
t
h
t
h
i
s
p
r
o
c
e
d
u
r
e
,
t
h
e
p
o
t
e
n
t
i
a
l
f
o
r
b
i
o
a
c
c
u
m
u
l
a
t
i
o
n
is
e
v
a
l
u
a
t
e
d
by
c
o
m
p
a
r
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
t
i
s
s
ue
s
of
e
xp
o
s
e
d
a
n
i
m
a
l
s
to
th
os
e
in
r
e
f
e
r
e
n
c
e
an
im
al
s
at
th
e
en
d
of
a
10
—d
ay
e
xp
o
s
ur
e
pe
ri
od
.
Th
is
ha
s
pr
ov
en
to
be
s
uf
f
i
c
i
e
n
t
to
d
e
t
e
r
m
i
n
e
w
h
e
t
h
e
r
th
er
e
is
a
po
te
nt
ia
l
fo
r
b
i
o
a
c
c
um
ul
a
t
i
o
n
fr
om
th
at
s
e
d
i
m
e
n
t
b
ut
d
o
e
s
n
o
t
i
n
d
i
c
a
t
e
t
h
e
t
i
s
s
u
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
w
h
i
c
h
m
a
y
be
r
e
a
c
h
e
d
g
i
v
e
n
t
i
m
e
a
n
d
o
p
p
o
r
t
u
n
i
t
y
f
o
r
e
x
p
o
s
u
r
e
.
Be
ca
us
e
ti
ss
ue
re
si
du
es
re
po
rt
ed
a
f
t
e
r
a
sh
or
t
pe
ri
od
of
ex
po
su
re
in
t
h
e
m
s
e
l
ve
s
co
nt
ai
n
no
ki
ne
ti
c
in
fo
rm
at
io
n,
it
is
d
e
s
i
r
a
b
l
e
to
k
n
o
w
st
ea
dy
~
st
at
e
t
i
s
s
ue
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
ex
po
se
d
an
im
al
s.
Th
e
lo
ng
e
xp
o
s
ur
e
ti
me
s
an
d
re
su
lt
in
g
e
xp
e
n
s
e
h
e
r
e
t
o
f
o
r
e
re
qu
ir
ed
to
ob
ta
in
th
is
i
n
f
o
r
m
a
t
i
o
n
ha
ve
ma
de
it
p
r
a
c
t
i
c
a
l
l
y
un
a
va
i
l
a
b
l
e
fo
r
ro
ut
in
e
us
e
in
r
e
g
ul
a
t
i
n
g
d
r
e
d
g
e
d
ma
te
ri
al
di
sc
ha
rg
es
.
Ho
we
ve
r,
in
re
ga
rd
to
h
yd
r
o
p
h
o
b
i
c
,
ne
ut
ra
l,
or
n
o
n
p
o
l
a
r
or
ga
ni
c
co
mp
ou
nd
s,
wh
i
c
h
ar
e
of
m
o
s
t
w
i
d
e
s
p
r
e
a
d
e
n
vi
r
o
n
m
e
n
t
a
l
co
nc
er
n,
it
is
p
o
s
s
i
b
l
e
to
es
ti
ma
te
s
t
e
a
d
y~
s
t
a
t
e
f
r
o
m
sh
or
t
e
xp
o
s
ur
e
s
(B
ra
ns
on
g
t
g1
.
19
75
;
M
c
F
a
r
l
a
n
d
gt
g1
.
19
84
).
Ad
di
ti
on
al
ly
,
by
us
in
g
ph
as
e—
ac
ti
vi
ty
co
ns
id
er
at
io
ns
in
i
n
t
e
r
p
r
e
t
i
n
g
s
e
d
i
m
e
n
t
ch
em
ic
al
a
n
a
l
ys
e
s
(M
cF
ar
la
nd
,
19
84
;
M
c
F
a
r
l
a
n
d
an
d
Cl
ar
ke
,
19
86
),
it
is
al
so
p
o
s
s
i
b
l
e
to
e
s
t
i
m
a
t
e
th
e
m
a
x
i
m
u
m
ch
em
ic
al
re
si
du
e
th
at
co
ul
d
re
su
lt
in
th
e
t
i
s
s
ue
s
of
o
r
g
a
n
i
s
m
s
ex
po
se
d
to
a
p
a
r
t
i
c
ul
a
r
se
di
me
nt
.
If
t
h
a
t
le
ve
l
is
no
t
u
n
a
c
c
e
p
t
a
b
l
y
hi
gh
,
it
is
n
e
c
e
s
s
a
r
y
to
go
on
fa
rt
he
r.
If
th
e
m
a
x
i
m
u
m
le
ve
l
is
ca
us
e
fo
r
co
nc
er
n,
re
su
lt
s
of
th
e
U.
S.
EP
A/
CE
(1
97
7)
b
i
o
a
c
c
um
ul
a
t
i
o
n
te
st
ca
n
be
e
va
l
ua
t
e
d
to
e
s
t
i
m
a
t
e
s
t
e
a
d
y—
s
t
a
t
e
t
i
s
s
ue
c
o
n
c
e
n
t
r
a
t
i
o
n
s
of
c
h
e
m
i
c
a
l
s
(
M
c
F
a
r
l
a
n
d
g
t
g1
.
19
84
).
Th
e
e
n
vi
r
o
n
m
e
n
t
a
l
im
po
rt
an
ce
of
th
is
bo
dy
bu
rd
en
mu
st
th
en
be
as
se
ss
ed
to
pr
ov
id
e
in
fo
rm
at
io
n
fo
r
re
gu
la
to
ry
de
ci
si
on
s.
Th
e
im
po
rt
an
ce
of
st
ea
dy
—s
ta
te
ti
ss
ue
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
ca
n
be
ev
al
ua
te
d
in
se
ve
ra
l
wa
ys
.
Po
te
nt
ia
l
im
pa
ct
s
on
hu
ma
n
he
al
th
ca
n
be
as
se
ss
ed
in
re
la
ti
on
to
ac
ti
on
le
ve
ls
es
ta
bl
is
he
d
by
th
e
U.
S.
Fo
od
an
d
Dr
ug
Ad
mi
ni
st
ra
ti
on
an
d
si
mi
la
r
ag
en
ci
es
.
Po
te
nt
ia
l
en
vi
ro
nm
en
ta
l
im
pa
ct
s
ca
n
be
ev
al
ua
te
d
by
co
mp
ar
in
g
pr
ed
ic
te
d
st
ea
dy
~s
ta
te
ti
ss
ue
co
nc
en
tr
at
io
ns
to
ti
ss
ue
co
nc
en
tr
at
io
ns
co
rr
el
at
ed
wi
th
bi
ol
og
ic
al
ef
fe
ct
s
in
th
e
sc
ie
nt
if
ic
li
te
ra
tu
re
.
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 A
re
vi
ew
and
co
mp
il
at
io
n
of
suc
h
in
fo
rm
at
io
n
has
be
en
pu
bl
is
he
d
by
Di
ll
on
(l9
84)
.
Pot
ent
ial
foo
d w
eb
imp
act
s
can
be
eva
lua
ted
in
lig
ht
of
the
lit
era
tur
e
re
vi
ew
s
an
d
as
se
ss
me
nt
s
of
Ka
y
(1
98
4)
an
d
Bi
dd
in
ge
r
an
d
Gl
os
s
(l9
84)
.
In
ad
di
ti
on
,
st
ea
dy
—s
ta
te
ti
ss
ue
co
nc
en
tr
at
io
ns
in
an
im
al
s
ex
po
se
d
to
dr
ed
ge
d
ma
te
ri
al
sh
ou
ld
al
wa
ys
be
co
mp
ar
ed
to
co
nc
en
tr
at
io
ns
in
an
im
al
s
li
vi
ng
in
th
e
vi
ci
ni
ty
of
th
e
di
sp
os
al
si
te
to
de
te
rm
in
e
th
e
ex
te
nt
to
wh
ic
h
th
e
di
sp
os
al
op
er
at
io
n
mi
gh
t
ch
an
ge
ex
is
ti
ng
co
nd
it
io
ns
in
th
e
ar
ea
.
MATERIALS AND METHODS
GENERAL
Th
e
ex
pe
ri
me
nt
al
de
si
gn
an
d
th
e
pr
oc
ed
ur
es
use
d
to
ev
al
ua
te
th
e
se
di
me
nt
s
su
pp
li
ed
fr
om
To
ro
nt
o
and
To
le
do
ha
rb
or
s
in
th
is
co
op
er
at
iv
e
ef
fo
rt
ha
ve
be
en
ev
ol
vi
ng
fo
r
se
ve
ra
l
ye
ar
s.
Th
e
de
si
gn
va
ri
at
io
n
use
d
he
re
in
vo
lv
es
a
gr
ad
ed
in
cr
ea
se
in
th
e
se
ve
ri
ty
of
ex
po
su
re
fo
r
bi
va
lv
es
and
fi
sh
ra
ng
in
g
fr
om
a
de
po
si
te
d—
ph
as
e,
cl
ea
r
wa
te
r
tr
ea
tm
en
t
wi
th
no
di
re
ct
or
ga
ni
sm
/s
ed
im
en
t
co
nt
ac
t
to
a
hi
gh
su
sp
en
de
d
pa
rt
ic
ul
at
e
tr
ea
tm
en
t
in
wh
ic
h
th
e
or
ga
ni
sm
s
ha
ve
ma
xi
ma
l
op
po
rt
un
it
y
fo
r
ex
po
su
re
to
co
nt
am
in
an
ts
as
so
ci
at
ed
wi
th
se
di
me
nt
s.
Ti
me
—
se
qu
en
ce
d
sa
mp
li
ng
pe
rm
it
s
ki
ne
ti
c
ev
al
ua
ti
on
of
up
ta
ke
and
th
e
pr
oj
ec
ti
on
of
st
ea
dy
—s
ta
te
co
nc
en
tr
at
io
ns
.
Bi
oa
cc
um
ul
at
io
n
po
te
nt
ia
l
de
fi
ne
d
as
a
th
er
mo
~
dy
na
mi
c
ma
xi
mu
m
ti
ss
ue
co
nc
en
tr
at
io
n
ca
n
be
ca
lc
ul
at
ed
ba
se
d
on
se
di
me
nt
co
nt
am
in
an
t
an
d
or
ga
ni
c
ca
rb
on
co
nt
en
t
an
d
th
e
li
pi
d
co
nt
en
t
of
ex
po
se
d
or
ga
ni
sm
s.
Th
e
pr
op
or
ti
on
al
di
ff
er
en
ce
be
tw
ee
n
th
is
th
eo
re
ti
ca
l
ma
xi
mu
m
an
d
th
e
ki
ne
ti
ca
ll
y
de
te
rm
in
ed
st
ea
dy
—s
ta
te
ti
ss
ue
co
nc
en
tr
at
io
n
is
a
se
mi
—
qu
an
ti
ta
ti
ve
in
di
ca
ti
on
of
th
e
bi
oa
cc
um
ul
at
io
n
po
te
nt
ia
l
of
no
np
ol
ar
,
ne
ut
ra
l
or
hy
dr
op
ho
bi
c
co
nt
am
in
an
ts
as
so
ci
at
ed
wi
th
th
e
se
di
me
nt
un
de
r
th
e
sev
era
l
co
nd
it
io
ns
of
ex
po
su
re
ge
ne
ra
te
d
in
th
e
te
st
.
Th
e
ad
ap
ta
ti
on
us
ed
in
th
e
pr
es
en
t
st
ud
y
in
vo
lv
ed
pu
ls
ed
ad
di
ti
on
s
of
fr
es
h
se
di
me
nt
in
su
sp
en
si
on
on
a
l2
-h
ou
r
cy
cl
e.
Th
e
fo
ur
sp
ec
ie
s
use
d
we
re
ch
os
en
to
gi
ve
an
ap
pr
ox
im
at
el
y
on
e
or
de
r-
of
—m
ag
ni
tu
de
ra
ng
e
of
li
pi
d
co
nt
en
ts
an
d
in
cl
ud
ed
a
fi
lt
er
-f
ee
di
ng
bi
va
lv
e
wh
ic
h
ac
ti
ve
ly
pr
oc
es
se
d
su
sp
en
de
d
pa
rt
ic
ul
at
e
ma
te
ri
al
as
we
ll
as
fi
sh
wh
ic
h
ha
ve
le
ss
in
ti
ma
te
co
nt
ac
t
wi
th
pa
rt
ic
ul
at
es
.
Th
e
ge
ne
ra
l
ex
pe
ri
me
nt
al
de
si
gn
is
ou
tl
in
ed
sc
he
ma
ti
ca
ll
y
in
Fi
gu
re
l.
SEDIMENT
Si
ng
le
30
—g
al
lo
n
sa
mp
le
s
of
se
di
me
nt
of
un
kn
ow
n
co
nt
am
in
an
t
co
nt
en
t
fr
om
ea
ch
ha
rb
or
we
re
sh
ip
pe
d
in
st
ee
l
dr
um
s
by
un
re
fr
ig
er
at
ed
su
rf
ac
e
fr
ei
gh
t a
nd
ar
ri
ve
d
in
th
e
la
bo
ra
to
ry
on
27
Oc
to
be
r,
l9
83
.
Ea
ch
se
di
me
nt
wa
s
sc
re
en
ed
to
re
mo
ve
de
br
is
33
.0
mm
an
d
wa
s
me
ch
an
ic
al
ly
ho
mo
ge
ni
ze
d.
Al
iq
uo
ts
we
re
as
si
gn
ed
to
de
si
gn
at
ed
aq
ua
ri
a
fo
r
de
po
si
te
d—
ph
as
e
ex
po
su
re
s,
su
bs
am
pl
ed
fo
r
ch
em
ic
al
an
al
ys
is
,
or
we
re
st
or
ed
at
3—
5°
C
fo
r
su
sp
en
de
d
pa
rt
ic
ul
at
e
pr
ep
ar
at
io
n.
HATER
Un
tr
ea
te
d
we
ll
wa
te
r
wa
s
st
or
ed
in
an
8,
00
0
ga
ll
on
po
ly
et
hy
le
ne
re
se
rv
oi
r
wh
ic
h
wa
s
re
fi
ll
ed
as
us
ed
.
Al
l
wa
te
r
wa
s
pa
ss
ed
th
ro
ug
h
ce
ll
ul
os
e
se
di
me
nt
filters at the time of use.
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Figure 1. Schematic outline of study.
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ORGANISMS
Three species of freshwater fish and a bivalve mollusc were used as E
experimental organisms. All were acclimated to 23°C under flowing water and
were maintained in standard lO—gallon glass aquaria in the laboratory at least
one month prior to experimentation. Clams were provided a 5 cm deep substrate 0
of washed coarse gravel. Observations for dead or moribund organisms were i
made daily for the fish and at the end of the exposures for the clams.
Fathead minnows (Pimephales promelas) and Japanese Medaka (killifish)
(erzias latlpcs) were obtained fromcultured stock of Dr. Adrian Lawler,
Ocean Springs, Mississippi, and were sexually immature at the time of
experimentation. Medaka were 6—32 mm in length and averaged 0.16 g i 0.05
Standard Deviation (S 0.). Fatheads were l9—50 mm in length and averaged
0.43 g t 0.18 8.0. Both were maintained on Tetra—5M0 flake food
supplemented with freeze—dried brine and shrimp and mixed pond algae.
Few mortalities of fatheads and none of medaka occurred during holding.
Golden shiner minnows (Notemigonus crysoleucas) were obtained from a local
bait supply. Shiners measured 64—l00 mm in length and weighed 1.6 g i 0.70
5.0. Acclimation and maintenance diet were similar to the above. Mortality
during holding was less than l0%. No drug or chemical treatments were used.
Asiatic clams (Corbicula fluminea) were collected from a previously
studied population (McFarland et a1. l984) in the Sacramento River Delta,
California. Clams measured 20-30 mm longest dimension from umbo to ventral
edge and weighed l.4 g t 0.l7 S.D. fresh tissue less shell. A maintenance
diet of cultured monoclonal alga (Selenastrum capricornutum) was fed daily.
 
EXPOSURE SYSTEM
A flow—through constant temperature exposure system (Figure 2) consisting
of twenty—four, 75 L aquaria was used. Each aquarium was equipped with a
circulating pump which continously withdrew water, passed it through a
temperature—controlled heat—exchanger, and returned it through a disperser
at t
he c
ente
r of
the
tank
. T
empe
ratu
re w
as m
aint
aine
d at
23°C
t 0.
l°C
usin
g
a
this system. -§
Figu
re 2
depi
cts
the
aqua
rium
arra
ngem
ent
used
for
depo
site
d-ph
ase
exp
osu
res
. I
n t
hes
e e
xpo
sur
es
25
L of
sed
ime
nt
wer
e p
lac
ed
in
the
bot
tom
of
the
aqu
ari
a.
A p
oly
eth
yle
ne
mes
h s
cre
en
was
fix
ed
2 c
m a
bov
e t
he
sur
fac
e o
f
the
sed
ime
nt
and
the
dis
per
ser
hea
d o
f t
he
pum
p r
etu
rn
was
mou
nte
d o
n a
sta
nd—
pip
e j
ust
abo
ve
the
mes
h f
loo
r.
The
pum
p s
uct
ion
por
t w
as
cov
ere
d b
y a
l0
cm
dia
met
er,
5 c
m d
eep
scr
een
ed
fit
tin
g.
Fis
h w
ere
abl
e
to
swi
m
fre
ely
in
the
wat
er
col
umn
thu
s
pro
vid
ed.
Cla
ms
wer
e
sus
pen
ded
in
pol
yet
hyl
ene
mes
h
bas
ket
s
as
sho
wn.
In
thi
s
tre
atm
ent
exp
ose
d
org
ani
sms
wer
e
not
in
dir
ect
con
tac
t w
ith
sed
ime
nts
and
no
par
tic
ula
te
mat
eri
al
was
sus
pen
ded
.
Fo
r
su
sp
en
de
d
pa
rt
ic
ul
at
e
ex
po
su
re
s
di
sp
er
se
rs
we
re
fi
tt
ed
to
th
e
bo
tt
om
s
of
th
e
aq
ua
ri
a
wi
th
ou
t
us
in
g
st
an
d—
pi
pe
s
and
no
se
di
me
nt
was
de
po
si
te
d.
Fi
sh
we
re
ke
pt
wi
th
in
fl
at
—b
ot
to
me
d
cy
li
nd
ri
ca
l
po
ly
et
hy
le
ne
_
;:
ba
sk
et
s
wh
ic
h
co
nf
or
me
d
to
th
e
up
pe
r
50
L p
or
ti
on
s
of
th
e
aq
ua
ri
a.
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system in deposited—sediment mode.
58
Clam
s we
re s
uspe
nded
in m
esh
bask
ets
in t
he w
ater
colu
mn a
s in
the
depo
site
d—
phas
e ex
posu
res.
The
desi
gn p
rovi
ded
homo
gene
ous
susp
ensi
ons
of f
ine—
grai
n
material.
Wate
r wa
s su
ppli
ed a
t a
puls
ed r
ate
(fou
r mi
nute
s b
etwe
en p
ulse
s)
equ
iva
len
t t
o 9
5%
rep
lac
eme
nt
in
24
hou
rs
by
pro
gra
mme
d o
per
ati
on
of
sol
eno
id
val
ves
.
All
com
pon
ent
s o
f t
he
exp
osu
re
sys
tem
in
con
tac
t w
ith
wat
er
wer
e m
ade
of
non
con
tam
ina
tin
g m
ate
ria
ls
suc
h a
s s
tai
nle
ss
ste
el,
tit
ani
um,
pol
yvi
nyl
chl
ori
de
(PV
C),
pol
yet
hyl
ene
,
or
epo
xy-
coa
ted
fib
erg
las
s.
Res
idu
al
con
tam
ina
tio
n o
f t
he
sys
tem
has
bee
n c
onf
irm
ed
to
be
min
ima
l b
y a
nal
yzi
ng
tis
sue
s o
f f
ish
and
cla
ms
kep
t f
or
up
to
60
day
s i
n t
he
aqu
ari
a i
n t
he
abs
enc
e
of sediments (unpublished data).
EXPERIMENTAL DESIGN
Nom
ina
l i
nit
ial
con
cen
tra
tio
ns
of
sus
pen
ded
par
tic
ula
te
(SP)
mat
eri
al
wer
e 1
000
mg
L-1
= h
igh
SP,
250
mg
L-1
= m
edi
um
SP,
and
25
mg
L-1
= l
ow
SP.
Susp
ende
d pa
rtic
ulat
e c
once
ntra
tion
s we
re
upda
ted
on a
12—h
our
cycl
e.
Slur
ries
of T
oron
to a
nd T
oled
o Ha
rbor
sedi
ment
s we
re
prep
ared
twic
e da
ily
from
the
ref
rig
era
ted
hom
oge
nat
es
and
wer
e b
atc
hed
by
han
d i
nto
the
aqu
ari
a s
uch
tha
t
conc
entr
atio
ns w
ere
retu
rned
to n
ear
nomi
nal
leve
ls a
t th
e st
art
of e
ach
lZ—h
our
cycl
e.
Duri
ng e
ach
cycl
e,
dilu
tion
with
fres
h cu
ltur
e wa
ter
dimi
nish
ed n
omin
al
con
cen
tra
tio
ns
by
sim
ple
exp
one
nti
al
dec
ay
acc
ord
ing
to
the
fun
cti
on:
P = e-kt (l)
in w
hich
P is
the
prop
orti
on
rema
inin
g;
k is
the
dilu
tion
rate
cons
tant
,
0.l hr—l; and t is time in hours (Figure 3).
Samp
les
were
take
n fo
r ba
ckgr
ound
cont
amin
ant
resi
due
dete
rmin
atio
ns
from
cul
tur
e s
toc
ks
at
the
tim
e e
xpo
sur
es
wer
e b
egu
n a
nd
at
24,
48,
96
and
240
hour
s
of
exp
osu
re
for
all
org
ani
sms
.
Exp
osu
res
of
med
aka
and
cla
ms
to
dep
osi
ted
-ph
ase
sedi
ment
s wa
s co
ntin
ued
for
30 d
ays
and
samp
les
of t
hese
orga
nism
s we
re a
lso
taken at that time.
CHEMICAL ANALYSES
Tot
al
org
ani
c c
arb
on
(TO
C)
in
sed
ime
nt
was
ana
lyz
ed
by
dry
oxi
dat
ion
.
Sed
ime
nt
sam
ple
s w
ere
pre
par
ed
and
ana
lyz
ed
for
l28
met
al
and
org
ani
c p
rio
rit
y
;
pol
lut
ant
s a
cco
rdi
ng
to
U.S.
EPA
(19
77a
, 1
982
),
wit
h t
he
exc
ept
ion
tha
t
f
ext
rac
tab
le
org
ani
c
fra
cti
ons
wer
e
com
bin
ed
and
ana
lyz
ed
acc
ord
ing
to
EPA
Met
hod
r
625
.l.
The
se
met
hod
s
wer
e
cho
sen
bec
aus
e
the
sed
ime
nts
wer
e
pre
sen
ted
as
bei
ng
hig
hly
con
tam
ina
ted
wit
h
a w
ide
var
iet
y
of
org
ani
c
com
pou
nds
and
,
the
ref
ore
,
a
com
pre
hen
siv
e
sca
n
of
mul
tip
le
cla
sse
s
of
che
mic
als
was
des
ire
d.
The
met
hod
s
use
d
for
org
ani
cs
ana
lys
es
in
sed
ime
nt
(an
d
tis
sue
s)
pro
vid
e
suc
h
a s
can
.
The
se
met
hod
s
are
des
cri
bed
as
"qu
ant
ita
tiv
e"
and
“se
mi-
qua
nti
tat
ive
“
(U.
S.
EPA
, 1
977
a).
The
pro
ced
ure
use
s m
ass
spe
ctr
ome
try
whi
ch
is
hig
hly
sui
tab
le
for
ide
nti
fic
ati
on
of
ind
ivi
dua
l
com
pou
nds
in
a c
omp
lex
mat
rix
.
The
met
hod
is
cap
abl
e
of
qua
nti
fic
ati
on
as
wel
l,
alt
hou
gh
at
a h
igh
er
lim
it
of
det
ect
ion
tha
n
som
e
mor
e
sen
sit
ive
det
ect
ion
met
hod
s
suc
h
as
ele
ctr
on
cap
tur
e
det
ect
ion
(EC
D).
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m
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F
i
g
u
r
e
3.
Hours
Typ
ica
l s
tri
p-c
har
t r
eco
rdi
ng
sho
win
g e
xpo
nen
tia
l d
ecr
eas
e i
n s
usp
end
ed
par
tic
ula
te
con
cen
tra
tio
n
aft
er
bat
chi
ng
to
a c
onc
ent
rat
ion
of
100
0 m
g L
'l.
 
 This was considered acceptable due to the high contaminant concentrations
expected in the samples. After the scans were conducted, the samples were
given additional cleanup by the method of Murphy (l972) for low—level quanti—
fication of polychlorinated biphenyl (PCB) isomer groups using ECD. Total PCB
was reported as the sum of all isomer groups quantified in this manner.
Culture water was analyzed for water quality parameters according to
Standard Methods (APHA, ANNA, and WPCF, l980). All exposure water analyses
for contaminants were made on unfiltered samples and included chemicals sorbed
to particulates as well as any present in solution. Exposure water samples
were analyzed for purgeables according to EPA Method 624. Contaminant
concentrations in the sediments indicated that whole water samples from aquaria
containing both Toronto and Toledo sediments might be analyzed profitably only
for base/neutral extractables, and purgeables might be detected in whole water
from the Toronto aquaria. The base/neutrals were analyzed by EPA Method 625.1,
and the purgeables according to EPA Method 624.
Contaminant concentrations in the sediments indicated the tissue samples
might contain some polynuclear aromatic hydrocarbon (PAH) compounds. Tissue
samples were prepared for analyses according to U.S. EPA (1977a). The
base/neutral extractables were analyzed using EPA Method 625.]. A separate
aliquot of tissue was taken for lipid determination according to FDA Method
2ll.l3f, (U.S. FDA, l977).
All organic analyses were performed using an HP 5987 GC/MS/DS. EPA Method
625 purgeables column was a Carbopack B® coated with one percent SP—lOOOo
packed in a 1.8 cm by 2 mm 1.0. glass column with helium carrier gas at a flow
rate of 30 ml/min. Column temperature was isothermal at 45°C for three minutes,
then programmed at 8°C per minute to 220°C and held for five minutes. The EPA
Method 625 l extractables column was a 30 m x 0.25 mm 1.0. 08—50 fused silica
capillary column temperature programmed at 8°C per minute, from a two—minute
hold at 60°C to 300°C and held for five minutes. All organic standard reference
materials were obtained from the EPA Repository for Toxic and Hazardous
Materials, Quality Assurance Branch, Environmental Monitoring and Support
Laboratory, Cincinnati, Ohio. All chemical analyses were conducted by the
Analy
tical
Chemi
stry
Branc
h, T
ennes
see
Valle
y Au
thori
ty,
Chatt
anoog
a, T
ennes
see.
PHYSICAL ANALYSES
Sus
pen
ded
par
tic
ula
tes
in
exp
osu
re
wat
er
wer
e d
ete
rmi
ned
gra
vim
etr
ica
lly
on
Mil
lip
ore
HA®
0.4
5 u
m p
re—
wei
ghe
d a
nd
dri
ed
fil
ter
pads
.
Ali
quo
ts
wer
e
pip
ett
ed
dir
ect
ly
fro
m e
xpo
sur
e a
qua
ria
at
int
erv
als
aft
er
sed
ime
nt
slu
rry
add
iti
ons
.
On-
str
eam
mon
ito
rin
g o
f t
he
hig
hes
t s
usp
end
ed
par
tic
ula
te
exp
osu
res
was
obt
ain
ed
by
alt
ern
ati
ng
flo
w f
or
12—
hou
r i
nte
rva
ls
bet
wee
n
sel
ect
ed
Tor
ont
o
and
Tol
edo
sed
ime
nt
aqu
ari
a
thr
oug
h
a
Lee
ds
and
Nor
thr
up
Mic
rot
rac
®
Sus
pen
ded
Sol
ids
Mon
ito
r
wit
h
out
put
to
a s
tri
p-c
har
t
rec
ord
er.
RESULTS AND DISCUSSION
Th
e
TO
C
co
nc
en
tr
at
io
n
on
a
dr
y
we
ig
ht
ba
si
s
was
3.
2%
in
To
ld
eo
Ha
rb
or
se
di
me
nt
,
an
d
4.
6%
in
To
ro
nt
o
Ha
rb
ou
r
se
di
me
nt
.
Co
nc
en
tr
at
io
ns
of
pr
io
ri
ty
po
ll
ut
an
ts
in
th
e
To
le
do
an
d
To
ro
nt
o
se
di
me
nt
sa
mp
le
s
ar
e
sh
ow
n
on
a
dr
y
61 gs;
  
w
e
i
g
h
t
b
a
s
i
s
i
n
T
a
b
l
e
l.
W
h
e
r
e
d
e
t
e
c
t
a
b
l
e
,
c
h
e
m
i
c
a
l
s
i
n
T
o
r
o
n
t
o
s
e
d
i
m
e
n
t
s
w
e
r
e
i
n
m
o
s
t
c
a
s
e
s
a
t
h
i
g
h
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
t
h
a
n
in
T
o
l
e
d
o
s
e
d
i
m
e
n
t
s
.
A
f
e
w
m
e
t
a
l
s
(
A
s
,
C
u
,
P
b
)
a
n
d
c
y
a
n
i
d
e
a
p
p
e
a
r
i
n
m
o
d
e
r
a
t
e
b
u
t
n
o
t
e
x
c
e
p
t
i
o
n
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
o
r
h
a
r
b
o
r
s
e
d
i
m
e
n
t
s
.
T
o
l
u
e
n
e
w
a
s
t
h
e
o
n
l
y
p
u
r
g
e
a
b
l
e
c
o
m
p
o
u
n
d
d
e
t
e
c
t
e
d
in
a
n
y
a
p
p
r
e
c
i
a
b
l
e
q
u
a
n
t
i
t
y
,
a
n
d
in
T
o
r
o
n
t
o
s
e
d
i
m
e
n
t
s
t
a
n
d
s
o
u
t
as
b
e
i
n
g
a
b
o
u
t
1
4
0
t
i
m
e
s
t
h
e
d
e
t
e
c
t
i
o
n
l
i
m
i
t
.
T
h
e
P
C
B
s
w
e
r
e
b
e
l
o
w
t
h
e
d
e
t
e
c
t
i
o
n
l
i
m
i
t
s
b
y
m
a
s
s
s
p
e
c
t
r
o
m
e
t
r
y
a
n
d
t
o
t
a
l
P
C
B
c
o
n
c
e
n
t
r
a
t
i
o
n
in
b
o
t
h
s
e
d
i
m
e
n
t
s
w
a
s
e
q
u
a
l
t
o
o
r
T
e
s
s
t
h
a
n
1
.
5
pg
9
‘
1
d
r
y
w
e
i
g
h
t
w
h
e
n
t
h
e
s
a
m
p
l
e
s
w
e
r
e
r
e
-
a
n
a
l
y
z
e
d
u
s
i
n
g
s
u
l
f
u
r
i
c
a
c
i
d
c
l
e
a
n
u
p
a
n
d
G
C
/
E
C
D
.
A
f
e
w
P
A
H
s
of
h
i
g
h
m
o
l
e
c
u
l
a
r
w
e
i
g
h
t
w
e
r
e
p
r
e
s
e
n
t
in
t
h
e
s
e
d
i
m
e
n
t
s
a
m
p
l
e
s
of
b
o
t
h
h
a
r
b
o
r
s
in
d
e
t
e
c
t
a
b
l
e
q
u
a
n
t
i
t
i
e
s
(Table l).
W
a
t
e
r
u
s
e
d
f
o
r
a
l
l
h
o
l
d
i
n
g
a
n
d
e
x
p
e
r
i
m
e
n
t
a
t
i
o
n
w
a
s
s
o
f
t
a
n
d
of
r
e
l
a
t
i
v
e
l
y
h
i
g
h
t
o
t
a
l
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
(
T
0
3
)
a
n
d
d
i
s
s
o
l
v
e
d
o
r
g
a
n
i
c
c
a
r
b
o
n
(
D
O
C
)
c
o
n
t
e
n
t
(
T
a
b
l
e
2)
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
of
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
(S
P)
a
n
d
a
l
l
d
e
t
e
c
t
e
d
c
h
e
m
i
c
a
l
s
in
t
y
p
i
c
a
l
hi
gh
,
m
e
d
i
u
m
a
n
d
l
o
w
SP
e
x
p
o
s
u
r
e
w
a
t
e
r
s
a
m
p
l
e
s
w
e
r
e
t
a
k
e
n
by
r
e
p
l
i
c
a
t
i
n
g
a
b
a
t
c
h
i
n
g
c
y
c
l
e
in
t
h
e
a
q
u
a
r
i
a
a
f
t
e
r
c
o
m
p
l
e
t
i
o
n
of
e
x
p
o
s
u
r
e
s
an
d
a
r
e
s
h
o
w
n
in
T
a
b
l
e
s
3
a
n
d
4.
C
h
l
o
r
o
f
o
r
m
wa
s
d
e
t
e
c
t
e
d
in
t
h
e
T
o
r
o
n
t
o
lo
w
SP
s
a
m
p
l
e
s
an
d
m
a
y
h
a
v
e
b
e
e
n
an
a
r
t
i
f
a
c
t
of
a
n
a
l
y
s
i
s
s
i
n
c
e
it
wa
s
n
o
t
d
e
t
e
c
t
e
d
in
t
h
e
m
e
d
i
u
m
a
n
d
h
i
g
h
SP
s
a
m
p
l
e
s
.
P
h
t
h
a
l
a
t
e
s
w
e
r
e
c
o
n
s
i
s
t
e
n
t
l
y
d
e
t
e
c
t
e
d
in
al
l
m
a
t
r
i
c
e
s
,
b
ut
s
i
n
c
e
t
h
e
s
e
c
o
m
p
o
u
n
d
s
a
r
e
u
b
i
q
u
i
t
o
u
s
,
t
h
e
i
r
p
r
e
s
e
n
c
e
d
o
e
s
n
o
t
n
e
c
e
s
s
a
r
i
l
y
i
n
d
i
c
a
t
e
s
e
d
i
m
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
or
b
i
o
a
v
a
i
l
a
b
i
l
i
t
y
f
r
o
m
s
e
d
i
m
e
n
t
s
.
S
o
m
e
h
i
g
h
m
o
l
e
c
u
l
a
r
w
e
i
g
h
t
PA
H
c
o
m
p
o
u
n
d
s
w
e
r
e
d
e
t
e
c
t
a
b
l
e
in
w
a
t
e
r
s
a
m
p
l
e
s
t
a
k
e
n
d
u
r
i
n
g
t
h
e
f
i
r
s
t
h
o
u
r
a
f
t
e
r
b
a
t
c
h
i
n
g
.
In
al
l
c
a
s
e
s
t
h
e
s
e
w
e
r
e
b
e
l
o
w
d
e
t
e
c
t
i
o
n
l
i
m
i
t
s
by
t
h
e
en
d
of
t
h
e
s
e
c
o
n
d
ho
ur
.
A
l
t
h
o
u
g
h
t
o
l
u
e
n
e
wa
s
p
r
e
s
e
n
t
in
T
o
r
o
n
t
o
s
e
d
i
m
e
n
t
,
n
o
n
e
wa
s
d
e
t
e
c
t
e
d
in
t
h
e
e
x
p
o
s
u
r
e
w
a
t
e
r
c
o
n
t
a
i
n
i
n
g
s
u
s
p
e
n
s
i
o
n
s
of
t
h
i
s
s
e
d
i
m
e
n
t
.
C
o
n
s
i
d
e
r
i
n
g
t
h
e
l
o
w
m
o
l
e
c
u
l
a
r
w
e
i
g
h
t
an
d
h
i
g
h
v
a
p
o
r
p
r
e
s
s
u
r
e
of
t
h
i
s
c
o
m
p
o
u
n
d
,
it
is
q
u
i
t
e
l
i
k
e
l
y
t
h
a
t
t
h
e
p
r
o
c
e
s
s
of
s
u
s
p
e
n
s
i
o
n
of
s
e
d
i
m
e
n
t
in
a
g
i
t
a
t
e
d
,
o
x
y
g
e
n
—
s
a
t
u
r
a
t
e
d
w
a
t
e
r
c
a
u
s
e
d
t
o
l
u
e
n
e
t
o
be
l
o
s
t
to
t
h
e
a
t
m
o
s
p
h
e
r
e
.
A
l
t
h
o
u
g
h
al
l
t
i
s
s
u
e
s
a
m
p
l
e
s
w
e
r
e
a
n
a
l
y
z
e
d
f
o
r
al
l
t
h
e
c
o
n
t
a
m
i
n
a
n
t
s
l
i
s
t
e
d
in
th
e
Ap
pe
nd
ix
,
no
p
r
i
o
r
i
t
y
p
o
l
l
ut
a
n
t
s
o
t
h
e
r
th
an
p
h
t
h
a
l
a
t
e
s
we
r
e
d
e
t
e
c
t
e
d
in
an
y
ti
ss
ue
sa
mp
le
.
Si
nc
e
p
h
t
h
a
l
a
t
e
s
ar
e
co
mm
on
l
a
b
o
r
a
t
o
r
y
c
o
n
t
a
m
i
n
a
n
t
s
,
un
le
ss
sp
ec
ia
l
m
e
a
s
ur
e
s
ar
e
ta
ke
n
to
e
xc
l
ud
e
th
em
,
t
h
e
i
r
p
r
e
s
e
n
c
e
in
th
e
t
i
s
s
ue
sa
mp
le
s
do
es
no
t
n
e
c
e
s
s
a
r
i
l
y
i
n
d
i
c
a
t
e
th
ey
we
r
e
b
i
o
a
c
c
um
ul
a
t
e
d
f
r
o
m
the sediment.
Th
ro
ug
ho
ut
th
e
30
—d
ay
ex
po
su
re
pe
ri
od
fe
we
r
th
an
6%
mo
rt
al
it
ie
s
oc
cu
rr
ed
in
an
y
of
th
e
te
st
sp
ec
ie
s
(T
ab
le
5)
.
Th
e
st
ea
dy
—s
ta
te
re
si
du
e
le
ve
ls
es
ti
ma
ti
on
te
ch
ni
qu
e
di
sc
us
se
d
ea
rl
ie
r
ca
n
be
ap
pl
ie
d
to
ea
ch
sp
ec
ie
s
fo
r
so
me
of
th
e
co
mp
ou
nd
s
qu
an
ti
fi
ed
in
th
e
To
le
do
an
d
To
ro
nt
o
Ha
rb
or
se
di
me
nt
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 TABLE 1.
PRIORITY POLLUTANTS TOLEDO HARBOR AND TORONTO HARBOUR SEDIMENTS, PAGE 1 OF 4
CONCENTRATION, pg/g
 
POLLUTANT TOLEDO TORONTO
METALS, CYANIDE AND TOTAL PHENOLS
ANTIMONY 0.3 1.2
ARSENIC 11.0 5.2
BERYLLIUM 0.5 0.2
CADMIUM 2.8 2.7
CHROMIUM 57.0 76.0
COPPER 50.0 90.0
LEAD 65.0 300.0
MERCURY 0.63 0.30
NICKEL 48.0 33.0
SELENIUM <0.4 <0.4
SILVER <1.0 4.9
THALLIUM ’ <5.0 <5.0
ZINC 220.0 350.0
CYANIDE 2.7 10.0
PHENOLS <0.2 <0.2
VOLATILES
ACROLEIN <0.08 <0.11
ACRYLONITRILE <0.08 <0.11
BENZENE <0.008 <0.011
BIS (CHLOROMETHYL) ETHER <0.008 <0.011
BROMOFORM <0.008 <0.011
CARBON TETRACHLDRIDE <0.008 <0.011
CHLOROBENZENE <0.008 0.019
CHLORODIBROMOMETHANE <0.008 <0.011
CHLOROETHANE <0.008 <0.011
2—CHLOROETHYLVINYL ETHER <0.008 <0.011
CHLOROFORM <0.008 <0.011
DICHLORDBROMOMETHANE <0.008 <0.011
DICHLORODIFLUOROMETHANE <0.008 <0.011
1,1—DICHLOROETHANE <0.008 <0.011
1,2-DICHLOROETHANE <0.008 <0.011
1,1—DICHLOROETHYLENE <0.008 <0.011
1,2—DICHLOROPROPANE <0.008 <0.011
1,2-DICHLOROPROPYLENE <0.008 <0.011
ETHYLBENZENE <0.008 0.012
METH
YL B
ROMI
DE
<0.0
08
<0.0
11
METHYL CHLORIDE <0.008 <0.011
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CONCENTRATION, ug/g
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 TABLE T. PAGE 3 OF 4
CONCENTRATION, pg/g
 
POLLUTANT TOLEDO TORONTO
BASE NEUTRAL COMPOUNDS, cont'd.
DI—N—OCTYL PHTHALATE <0.85 <T.1
1,2—DIPHENYLHYDRAZINE (AS AZOBENZENE) <0.85 <1.1
FLUORANTHENE 1.5 10.0
FLUORENE <0.85 <T.1
HEXACHLOROBENZENE <0.85 <1.1
HEXACHLOROBUTADIENE <0.85 <T.T
HEXACHLOROCYCLOPENTADIENE <0.85 <T.T
HEXACHLOROETHANE <0.85 <T.T
INDENO (1,2,3—CD) PYRENE <0.85 3.2
ISOPHORONE <0 85 <T.T
NAPHTHALENE <0.85 <T.T
NITROBENZENE <0.85 <1.T
N—NITROSODIMETHYLAMINE <0.85 <T.T
N—NITROSODI—N_PROPYLAMINE <0.85 <1.T
N—NITROSODIPHENYLAMINE <0.85 <T.T
PHENANTHRENE 0.98 8.3
PYRENE 2.0 7.2
1,2,4—TRICHLOROBENZENE <0.85 <T.T
ACID EXTRACTABLES
2—CHLOROPHENOL <0.85 <T.T
2,4-DICHLOROPHENOL <0.85 <T.T
2,4—DIMETHYLPHENOL <0.85 <T.T
4,6—DINITRO—O-CRESOL <4.2 <5.5
2,4—DINITROPHENOL <8.S <TT.O
2—NITROPHENOL <0.85 <T.T
4—N1TROPHENOL <0.85 <T.T
P—CHLORO-M—CRESOL <0 85 <T.T
PENTACHLOROPHENOL <0 85 <T.T
pHENOL <0.85 <T.T
2,4,6—TRICHLOROPHENOL <0.85 <T-T
PESTICIDES AND PCBS
ALORIN
ALPHA-BHC
BETA-BHC
GAMMA-BHC
DELTA-BHC
CHLORDANE
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CONCENTRATION, ug/g
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 TABLE 2.
CHARACTERISTICS OF CULTURE WATER, CONCENTRATION UNITS ARE mg/L (ppm)
Ca1cium 2.3
Magnesium 0.89
Ch1or1de 14.0
Tota1 Disso1ved So1ids 472.
Hardness, as CaCOa 9.4
A1ka1inity, as CaCOa 388.
Disso1ved Organic Carbon 75.
Tota1 Kje1dah1 Nitrogen 0.17
Tota1 Phosphorus 0.44
Ammonia, as N 0.15
Disso1ved Oxygen at 23° C 7 1—8 7
pH at 23° C 7.8-8.3
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 TABLE 3.
PRIORITY POLLUTANTS AND SUSPENDED PARTICULATES CONCENTRATION IN EXPOSURE WATER
TOLEDO HARBOR
Time (Hours)
 
1 2 3 4 6 8
BASE NEUTRAL COMPOUNDS ug/L
BENZO(A)PYRENE
Low 13.0 <10 11.0 <10 <10 <10
Medium <10 <10 <10 20.0 <10 <10
High <10 <10 <10 10.0 <10 <10
3,4—BENZOFLUORANTHENE
Low 10.0 <10 <10 <10 <10 <10
Medium <10 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
BENZO—(GHI)PERYLENE
Low 32.0 <10 <10 <10 <10 <10
Medium 17.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
BIS (2—ETHYLHEXYL) PHTHALATE
Low <10 <10 <10 32.0 11.0 <10
Medium 12.0 <10 13.0 16.0 13.0 22.0
High 14.0 16.0 25.0 26.0 29.0 24.0
DIBENZO(A,H)ANTHRACENE
Low 34.0 <10 <10 <10 <10 <10
Medium 16.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
INDENO (1,2,21—CD) PYRENE
Low 33.0 <10 <10 <10 <10 <10
Medium 11.0 <10 <10 <10 <10 <10
High <10 <10 <10 <10 <10 <10
TOTAL SUSPENDED SOLIDS, mg/L
Low 36 51 31 26 33 18
Medium 160 140 120 330 120
High 950 560 670 390 310
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 TABLE 4.
PRIORITY
POLLUTANTS
AND
SUSPENDED
PARTICULATES
CONCENTRATION
IN
EXPOSURE
WATER
TORONTO HARBOUR
Time (Hours)
 
1
2
3
4
6
8
VOLATILE COMPOUNDS, ug/L
CHLOROFORM
Low
14.0
12.0
11.0
11.0
11.0
11.0
Medium
<10
<10
<10
<10
<10
<10
High
<10
<10
<10
<10
<10
<10
BASE NEUTRAL COMPOUNDS, pg/L
BENZO(A)PYRENE
Low
27.0
<10
<10
<10
<10
<10
Medium
<10
<10
<10
<10
<10
<10
High
<10
11.0
<10
<10
<10
<10
BENZO(GHI)PERYLENE
Low
31.0
<10
<10
<10
<10
<10
Medium
<10
<10
<10
<10
<10
<10
High
<10
<10
<10
<10
<10
<10
BIS (2—ETHYLHEXYL) PHTHALATE
Low
<10
11.0
13.0
16.0
19.0
19.0
Medium
<10
21.0
<10
25.0
43.0
40.0
High
10.0
46.0
49.0
63.0
73.0
66.0
DIBENZO(A,H)ANTHRACENE
Low 29.0 <10 <10 <10 <10 <10
Medium
<10
<10
<10
<10
<10
<10
High <10 <10 <10 <10 <10 <10
TOTAL SUSPENDED SOLIDS, mg/L
Low 41 36 45 23 22 18
Medium
High
 TABLE 5.
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TOLEDO HARBOR SEDIMENTS
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TBP is calculated using pf
l.72 (McFarland and Clarke, l986) as:
TBP = l.72 (Cs/OC) (2)
In which:
Cs = concentration of chemical in sediment
CC = organic carbon content of sediment
TBP = equivalent concentration in organism lipid in the same units as Cs.
A pf corrects for the difference in equilibrium phase activity between the
phases lipid (in organism) and organic carbon (in sediment) and expresses
concentration of the chemical in the sediment in lipid equivalents. To express
TBP on a fresh weight basis, multiply by the decimal fraction (or percent, if
that is used to express 0C content of sediment) of an organism's lipid content.
Implicit in these calculations are three important idealizations: l) the
assumption of no metabolic degradation or biotransformation of the chemical;
2) total bioavailability of sediment—associated chemical to the organism; and
3) primacy of lipid as the biochemical compartment for partitioning of neutral
organic chemicals. Estimations involving TBP, then, are inherently conservative.
The analysis chosen for the following comparisons was sediment concentration of
fluoranthene since this compound was the priority pollutant found in highest
concentration in a sediment analysis, and was present in both harbor sediments.
Equation (2) applied to analytical data of the two harbor sediments gives
the following:
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cha
rge
of
dre
dge
d m
ate
ria
T.
Met
hod
s
use
d f
or
the
se
reg
uTa
tor
y p
urp
ose
s h
ave
bee
n a
ppT
ied
to
a b
roa
d s
pec
tru
m o
f
dre
dge
d m
ate
ria
T
fro
m r
eTa
tiv
eTy
unc
ont
ami
nat
ed
to
hig
hTy
con
tam
ina
ted
wit
h a
variety of chemicaTs.
Com
par
ed
to
man
y o
the
r h
arb
or
sed
ime
nts
,
tho
se
inc
1ud
ed
in
thi
s s
tud
y w
ere
Tow
in
a11
con
tam
ina
nts
inc
1ud
ed
in
the
pri
ori
ty
poT
Tut
ant
sca
n a
nd
con
tai
ned
72
 no
chemicals
of
any
kind
in
unusually
high
concentrations.
Few
contaminants
were above detection
limits by priority pollutant scans
of the sediments.
Those
present were
in
such
concentrations
and
incorporated
into the
sediments
in such a manner that their bioavailability and bioaccumulation potentials
under severe exposure conditions were
low.
Neither could mortality of any
test species be attributed to contaminants in the sediments.
The
results of this
study indicate a low order of chemical
contamination
in the sediment samples provided.
Many chromatographic and spectrometric
peaks of low magnitude were observed but were not identified in the samples
and indicate low—level concentrations of a wide range of chemical compounds in
the sediments.
0f the recognized "problem" chemicals, there was no indication
of high presence or transport from sediments to organisms.
These results must
be considered conclusive in eliminating the sediments provided and evaluated
as having high potential for bioaccumulation.
Projection of these assessments
to in situ harbor sediment potential for adverse impact should be done very
cautiously and always bearing in mind the representativeness of the samples in
characterizing the whole area of interest.
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Appendix
Because of the relatively low levels of contaminants encountered
in the sediments analyses, the computer printout listings of
analytical findings in the Appendix only show a small percentage of
quantified results. This coupled with its large size as provided by
the Tennessee Valley Authority, Division of Services and Field
Operations, Laboratory Branch, (over 80 pages) precluded its
attachment.
However, the following pages illustrate the format used and
the type of information offered in the Appendix. Photocopies of the
complete Appendix are available upon request.
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 ANALYSES OF ORGANISMS EXPOSED TO TOLEDO 0R TORONTO HARBOR SEDIMENT
Key: Tissue Analysis Coding System (Field ID)
Example: 0 l L D K 0 8 l 0 0 0
1'Aguarium number//
6'Time—of—da
2‘Harbor Sediment 5{Day—of—Month
   
 
3'Treatment 4KOrganism
Aguarium number: Ol, 02,.... 24
Harbor sediment of exposure: Toronto = R
Toldeo = L
Treatment: Deposited sediment exposure = D
Low suspended particulate exposure = L
Medium suspended particulate exposure = M
High suspended particulate exposure = H
l
l
Organism: Fathead Minnow (Pimephales promelas)
Golden Shiner (Notemigonus crysoleukas)
Japanese Medaka (Oryzias latipes)
Asiatic Clam (Corbicula fluminea)
I
I
I
I
(
'
3
7
<
U
)
'
1
'
!
Day—of—month: 07, 08,... l8 correspond to Start minus one day, Start day,...
Start + ten days of exposure
08 Dec l3 corresponds to Start + 30 days of exposure
Time—of—day: 0000 - 2400 hours
Background and control: For 2. and 3. in code string substitute
Background = BK
Control = CN
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 Section III
INTRODUCTION
The
Dre
dgi
ng
Sub
com
mit
tee
of
the
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
rec
omm
end
ed
tha
t i
ncr
eas
ed
res
ear
ch
be
dir
ect
ed
tow
ard
ref
ine
men
t a
nd
sta
nda
rdi
zat
ion
of
sed
ime
nt
bio
ass
ess
men
t p
roc
edu
res
for
use
in
det
erm
ini
ng
the
bio
log
ica
l
ava
ila
bil
ity
and
imp
act
of
con
tam
ina
nts
in
Gre
at
Lak
es
sed
ime
nts
(Dr
edg
ing
Sub
com
mit
tee
,
198
2,
198
3).
The
Gre
at
Lak
es
Fis
her
y L
abo
rat
ory
(GL
FL)
,
in
coo
per
ati
on
wit
h t
he
Gre
at
Lak
es
Nat
ion
al
Pro
gra
m O
ffi
ce
of
the
U.S
.
Env
iro
n—
men
tal
Pro
tec
tio
n A
gen
cy,
is
att
emp
tin
g t
o d
eve
lop
a b
ioa
ssa
y p
roc
edu
re
tha
t
wil
l
be
use
ful
for
ass
ess
ing
the
bio
ava
ila
bil
ity
of
sed
ime
nt—
ass
oci
ate
d
con
tam
ina
nts
to
fre
shw
ate
r
org
ani
sms
(Ma
c
9;
a1.
).
The
pro
pos
ed
bio
ass
ay
pro
ced
ure
is
int
end
ed
for
use
in
eva
lua
tin
g s
edi
men
ts
tha
t a
re
not
acu
tel
y
tox
ic
to
tes
t o
rga
nis
ms
but
tha
t a
re
bel
iev
ed
to
con
tai
n c
ont
ami
nan
ts
tha
t
may
bio
acc
umu
lat
e
in
the
aqu
ati
c
foo
d
cha
in.
In
res
pon
se
to
a
req
ues
t
by
the
Dre
dgi
ng
Sub
com
mit
tee
,
we
agr
eed
to
par
tic
ipa
te
in
a c
oop
era
tiv
e p
rog
ram
des
ign
ed
by
the
Sub
com
mit
tee
to
com
par
e
res
ult
s o
bta
ine
d f
rom
ava
ila
ble
bio
ass
ess
men
t t
est
s n
ow
use
d
or
und
er
dev
elo
p—
men
t b
y v
ari
ous
Uni
ted
Sta
tes
and
Can
adi
an
age
nci
es.
Und
er
the
coo
per
ati
ve
pro
gra
m,
eac
h p
art
ici
pat
ing
lab
ora
tor
y w
as
ask
ed
to
con
duc
t a
bio
ass
ay
on
two
sub
sam
ple
s
of
hom
oge
niz
ed
sed
ime
nts
col
lec
ted
fro
m T
oro
nto
and
Tol
edo
Har
bor
s,
res
pec
tiv
ely
.
Eac
h p
art
ici
pan
t w
as
to
use
the
bio
ass
ess
men
t t
est
rou
tin
ely
emp
loy
ed
or
cur
ren
tly
und
er
dev
elo
pme
nt
at
the
ir
res
pec
tiv
e l
abo
rat
ory
.
We
rep
ort
her
e t
he
res
ult
obt
ain
ed
by
usi
ng
the
bio
ass
ess
men
t p
roc
edu
res
und
er
dev
elo
pme
nt
at
GLF
L
on
sed
ime
nt
sam
ple
s
rec
eiv
ed
fro
m T
oro
nto
and
Tol
edo
Harbors (Figure l).
MATERIALS AND METHODS
Tes
t
sed
ime
nts
wer
e
col
lec
ted
(by
per
son
nel
of
the
Gre
at
Lak
es
Fis
her
ies
Bra
nch
,
Dep
art
men
t
of
Fis
her
ies
and
Oce
ans
,
and
Nat
ion
al
Wat
er
Res
ear
ch
Ins
tit
ute
,
Env
iro
nme
nt
Can
ada
,)
in
198
3
fro
m
Tor
ont
o
Har
bou
r
on
Sep
tem
ber
22
and
fro
m T
ole
do
Har
bor
on
Oct
obe
r
13.
Bot
h
tes
t
sed
ime
nts
wer
e
rec
eiv
ed
at
GL
FL
on
Oc
to
be
r
13.
Co
nt
ro
l
se
di
me
nt
s
we
re
co
ll
ec
te
d
fr
om
Me
ad
ow
oo
d
Pon
d
in
Sal
ine
Tow
nsh
ip,
Mic
hig
an
(42
°
7'4
4“N
,
83°
47‘
45“
W)
on
Oct
obe
r
17,
198
5.
In
ex
po
su
re
s
wi
th
fi
sh
co
nd
uc
te
d
fr
om
Oc
to
be
r
21
th
ro
ug
h
No
ve
mb
er
2,
we
use
d
fo
ur
rep
lic
ate
tan
ks
of
eac
h
sed
ime
nt.
In
exp
osu
res
wit
h
ear
thw
orm
s
con
duc
ted
fro
m
No
ve
mb
er
4—
16
we
us
ed
on
ly
tw
o
re
pl
ic
at
es
of
To
ro
nt
o
se
di
me
nt
an
d
th
re
e
of
Tol
edo
and
con
tro
l
sed
ime
nts
bec
aus
e
ins
uff
ici
ent
sed
ime
nt
was
ava
ila
ble
for
fo
ur
re
pl
ic
at
es
.
Be
fo
re
se
di
me
nt
s
we
re
pl
ac
ed
in
te
st
ta
nk
s,
we
co
ll
ec
te
d
and
fro
ze
sub
sam
ple
s
for
lat
er
che
mic
al
and
phy
sic
al
ana
lys
is.
  
   
Toronto and Toiedo Harbor Sediments
l
Bulk sediment analysis for PCBs, Hg, oil and
grease, voiatiie solids, and particie size
Pree
xpos
ure
samp
iing
Pree
xpos
ure
samp
ling
of earthworms of Fathead minnows
10—d
ay b
ioac
cumu
iati
on
10—d
ay b
ioac
cumu
iati
on
bioa
ssay
with
eart
hwor
ms
bioa
ssay
with
minn
ows
Monitor bioassay conditions for
6..— temperature, dissoived 02, hardness ___._.>
sediment Eh, and mortaiity
Post
expo
sure
samp
iing
Post
expo
sure
samp
iing
of e
arth
worm
s f
oiio
wed
of m
inno
ws
foii
owed
by
by 2—day purging 2-day purging
\
/
Anaiysis of a1] test organisms (inciuding preexposure)
for body weight and 1ipid, H20, PCB, and Hg content
 
Figu
re 1
.
Flow
diag
ram
of b
ioac
cumu
iati
on
test
for
evai
uati
ng s
edim
ents
.
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We
tes
ted
fat
hea
d
min
now
s,
(Pi
meg
hal
es
pro
mel
as)
,
obt
ain
ed
fro
m
the
LaC
ros
se
(Wi
sco
nsi
n)
Nat
ion
al
Fis
her
y
Res
ear
ch
Lab
ora
tor
y,
and
ear
thw
orm
s
(Lu
mbr
icu
s t
err
est
ris
) o
bta
ine
d f
rom
a l
oca
l b
ait
dea
ler
.
The
fat
hea
d m
inn
ows
wer
e
fed
Sil
ver
Cup
1
pel
let
s a
nd
hel
d f
or
abo
ut
fiv
e m
ont
hs
at
GLF
L b
efo
re
tes
tin
g b
ega
n.
Ear
thw
orm
s w
ere
mai
nta
ine
d
in
gro
und
pap
er
tow
els
at
GLF
L f
or
one
wee
k b
efo
re
tes
tin
g.
The
org
ani
sms
wer
e
not
fed
dur
ing
the
tes
ts.
Sed
ime
nt
bio
ass
ays
wer
e
con
duc
ted
in
a
flo
w—t
hro
ugh
sys
tem
con
sis
tin
g
of
eig
ht
39—
L g
las
s t
ank
s.
Eac
h t
ank
rec
eiv
ed
100
mL/
min
of
17—
19°
C w
ell
wat
er
sof
ten
ed
to
a h
ard
nes
s o
f a
bou
t 1
80
mg/
L (
as
CaC
Oa)
by
mix
ing
dei
oni
zed
wel
l
wat
er
wit
h p
roc
ess
ed
wel
l w
ate
r (
har
dne
ss
442
mg/
L,
See
lye
gt
g1.
198
2).
Bef
ore
the
sta
rt
of
a t
est
,
abo
ut
11
kg
of
sed
ime
nt
was
add
ed
to
eac
h t
ank
the
reb
y c
ove
rin
g t
he
bot
tom
to
a d
ept
h o
f a
bou
t 5
cm.
Wat
er
was
the
n a
dde
d
to
the
tan
k a
nd
the
sed
ime
nt
was
all
owe
d t
o s
ett
le
for
24
hou
rs
bef
ore
tes
t
org
ani
sms
wer
e
add
ed.
The
org
ani
sms
wer
e
exp
ose
d
to
sed
ime
nt
for
10
day
s
and
the
n
mov
ed
to
ide
nti
cal
tan
ks
whi
ch
con
tai
ned
onl
y
flo
win
g
wat
er
for
two
day
s
of
pur
gin
g (
cle
ara
nce
of
ing
est
ed
sed
ime
nt
fro
m t
he
gut
).
In
eac
h t
ank
we
mon
ito
red
wat
er
tem
per
atu
re,
flo
w
rat
e,
har
dne
ss
and
dis
sol
ved
oxy
gen
dai
ly;
sed
ime
nt
red
ox
pot
ent
ial
was
mea
sur
ed
twi
ce
dur
ing
the
tes
ts.
Fif
tee
n
fis
h
or
ear
thw
orm
s
wer
e
pla
ced
int
o e
ach
tan
k
at
the
sta
rt
of
the
bio
ass
ay.
At
the
end
of
10
day
s,
we
col
lec
ted
all
org
ani
sms
fro
m t
he
exp
osu
re
tan
ks
and
mov
ed
10
ind
ivi
dua
ls
fro
m
eac
h
tan
k
to
sep
ara
te
pur
gin
g
tan
ks.
Aft
er
two
day
s
of
pur
gin
g
all
org
ani
sms
wer
e
col
lec
ted
and
fro
zen
for
lat
er
ana
lys
is.
In
add
iti
on,
fou
r
rep
lic
ate
sam
ple
s
of
the
fis
h
and
thr
ee
sam
ple
s
of
the
ear
thw
orm
s
wer
e
fro
zen
bef
ore
the
sta
rt
of
the
tes
t f
or
det
erm
ina
tio
n
of
pr
ee
xp
os
ur
e
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
.
Sed
ime
nts
and
tes
t
org
ani
sms
wer
e
ana
lyz
ed
for
P08
5
and
Hg.
PCB
s
in
sed
ime
nt
and
in
tes
t
org
ani
sms
wer
e
ana
lyz
ed
by
gas
chr
oma
tog
rap
hy,
usi
ng
met
hod
s
pre
vio
usl
y
des
cri
bed
by
See
ley
gt
g1.
(19
82)
,
and
Hg
was
ana
lyz
ed
acc
ord
ing
to
the
met
hod
s
of
Nil
lfo
rd
gt
g1.
(19
73)
.
We
rep
ort
con
cen
tra
tio
ns
of
PC8
s
and
Hg
in
bot
h
sed
ime
nt
and
tis
sue
on
a d
ry
wei
ght
bas
is
to
all
evi
ate
di
sc
re
pa
nc
ie
s
ca
us
ed
by
va
ry
in
g
wa
te
r
co
nt
en
t.
Th
us
su
bs
am
pl
es
of
all
an
al
yt
ic
al
sa
mp
le
s
we
re
dr
ie
d
to
me
as
ur
e
wa
te
r
co
nt
en
t.
We
use
d
an
al
ys
is
of
va
ri
an
ce
to
de
te
rm
in
e
th
e
st
at
is
ti
ca
l
si
gn
if
ic
an
ce
of
an
y
di
ff
er
en
ce
s
in
co
nt
am
in
an
t
co
nc
en
tr
at
io
ns
be
tw
ee
n
or
ga
ni
sm
s.
RESULTS
TOLEDO HARBOR SEDIMENTS
Ch
em
ic
al
an
al
ys
es
of
th
e
se
di
me
nt
s
as
re
ce
iv
ed
fr
om
To
le
do
Ha
rb
or
sh
ow
ed
th
at
th
e
se
di
me
nt
s
co
nt
ai
ne
d
0.
21
0
pg
/g
of
PC
Bs
(p
ri
ma
ri
ly
re
se
mb
li
ng
Ar
oc
lo
r
12
48
)
an
d
0.
31
4
ug
/g
of
Hg
(T
ab
le
l)
.
Th
e
co
nc
en
tr
at
io
ns
of
PC
Bs
in
ea
rt
hw
or
ms
ex
po
se
d
to
th
es
e
se
di
me
nt
s
(2
.5
6
pg
/g
)
wa
s
si
gn
if
ic
an
tl
y
hi
gh
er
(P
<0
.0
1)
th
an
th
at
in
co
nt
ro
l
(0
.2
1
pg
/g
,
Ta
bl
e
2)
.
Co
nc
en
tr
at
io
ns
of
Hg
in
ea
rt
hw
or
ms
fr
om
th
e
co
nt
ro
l
an
d
To
le
do
Ha
rb
or
se
di
me
nt
ex
po
su
re
s
di
d
no
t
di
ff
er
si
gn
if
ic
an
tl
y.
In
fa
ct
,
Hg
re
si
du
es
in
th
e
ea
rt
hw
or
ms
de
cl
in
ed
1R
ef
er
en
ce
to
tr
ad
e
na
me
s
do
es
no
t
im
pl
y
U.
S.
Go
ve
rn
me
nt
en
do
rs
em
en
t.
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TABLE 1.
PHYSICAL AND CHEMICAL CHARACTERISTICS OF CONTROL AND TEST SEDIMENTS
Physica1 Composition (% dry wt) Contaminants (pg/g dry wt)
 
Vo1ati1e 0i1 and
Sedi
ment
Sand
Si1t
C1ay
So1i
ds
Grea
se
PCBs
Hg
To1ed
o Har
bor
23.8
35.5
40.7
13.1
3700
0.210
0.314
Toron
to H
arbou
r
30.9
49.2
19.9
11.5
10400
0.094
0.760
Meadowood Pond 62.4 18.8 18.9 2.8 1800 0.010 0.005
(Contro1)
significant1y (P <0.05) from 0.276 pg/g preexposure to 0.195 ug/g after
expos
ure
to th
e con
tro1
sedim
ents.
Thus,
the
earth
worms
depur
ated
about
30% o
f
their preexposure residue during exposure to the c1ean sediments.
Pre1iminary review of PCBs in fathead minnows exposed to the To1edo Harbor
sediments (Tab1e 2) suggested a s1ight increase in residues during the
exposure. However, the apparent increase was not statistica11y significant.
Inte
rpre
tati
on o
f th
e re
su1t
s wa
s co
nfou
nded
by t
he f
indi
ng o
f re
1ati
ve1y
high
background 1eve1s of PCBs (preexposure = 4.46 pg/g) in the fathead minnows
used
for
test
ing.
The
pres
ence
of e
1eva
ted
back
grou
nd c
once
ntra
tion
s of
PCBs
in the fish most 1ike1y interfered with accumu1ation of PCBs as compared to
that noted in earthworms.
Residues of Hg in fathead minnows showed no significant change after
exposure to To1edo Harbor sediments. These resu1ts thus confirmed those
resu1ts obtained with earthworms in indicating no significant accumu1ation
of Hg from To1edo Harbor sediments.
Morta1ity of fathead minnows exposed to T01edo Harbor sediments was ni1
(Tab
1e 3
); a
1tho
ugh
36%
of t
he e
arth
worm
s di
ed,
a11
of t
he m
orta
1ity
occu
rred
in a sing1e exposure tank (12 of 15 worms). 0n the day when most of the
morta1ities occurred in the sing1e exposure tank, we measured a s1ight
temp
erat
ure
incr
ease
(19.
6”C)
and
a de
crea
se i
n di
sso1
ved
oxyg
en
(5.5
mg/L
).
A1though these conditions a1one wou1d not be expected to harm earthworms, they
do indicate that an undetected restriction in waterf1ow to the tank during the
prece
ding
night
may
have
cause
d th
e mor
ta1it
y.
Ana1y
ses
of th
e thr
ee s
urviv
ing
worms in the tank at the end of the 10 day exposure showed that residues of
PCBS
and
Hg d
id n
ot d
iffe
r si
gnif
ican
t1y
from
thos
e r
esid
ues
in w
orms
samp
1ed
from the other two tanks. '
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TABLE 2.
CONCENTRATIONS OF WATER, LIPID, PCBs, AND Hg IN TEST ORGANISMS
(Standard Error in Parentheses)
 
Orga
nism
No.
Wate
r
Lipi
d
PCBs
Hg
and of Content Content (ug/g, (pg/g,
Expo
sure
Samp
1es
(%)
(%)
dry
wt)
dry
wt)
Earthworms
Pree
xpos
ure
3
84.9
1.03
NDa
0.27
6*
(0.25) (0.04) (0.025
Cont
ro1
3
85.4
1.13
0.21
0.19
5
(0.59) (0.09) (0.013) (0.010)
To1e
do
2
86.2
1.05
2.56
**
0.21
4
(1.03) (0.05) (0.196) (0.005)
Toro
nto
2
84.5
1.04
0.44
0.25
0
(0.40) (0.04) (0.002) (0.068)
Fathead Hinnows
Pree
xpos
ure
4
78.2
4.90
4.46
0.42
8
(0.62) (0.11) (0.63) (0.008)
Cont
ro1
4
77.7
4.70
5.70
0.45
4
(0.48) (0.30) (0.47) (0.014)
To1e
do
4
77.6
4.63
6.49
0.42
7
(0.42) (0.19) (0.18) (0.076)
Tor
ont
o
4
77.
2
4.8
4
5.1
0
0.51
1
(0.28) (0.16) (0.55) (0.036)
aNone detected, 0.07 ug/g.
*Si
gni
fic
ant
1y
dif
fer
ent
fro
m c
ont
ro1
s a
t P
<0.
05
**H
igh
1y
sig
nif
ica
nt1
y d
iff
ere
nt
fro
m c
ont
ro1
s a
t P
<0
01.
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TORONTO HARBOUR SEDIMENTS
The sediments from Toronto Harbour contained 0.094 pg/g of PCBs
(pri
mari
ly a
s Ar
oclo
r 12
48)
and
0.76
0 ug
/g o
f Hg
(Tab
le 2
).
Whil
e wo
rkin
g
with the sediments, the technicians reported a very noticeable aromatic or
"oily" smell—«obviously resulting from the presence of 10,400 pg/g of oil
and grease.
Earthworms and fathead minnows exposed to the Toronto Harbour sediments
did
not
accu
mula
te s
igni
fica
nt a
moun
ts o
f P0
85 o
r Hg
. T
he r
elat
ivel
y lo
w
conc
entr
atio
ns
of b
oth
cont
amin
ants
in t
he s
edim
ents
, co
mbin
ed w
ith
the
high concentrations of oil and grease, suggest that the likelihood of
bioa
ccum
ulat
ion
of l
ipop
hili
c co
mpou
nds
such
as P
CBs
from
the
sedi
ment
s
would be low. Mortality was 6.9% in earthworms and nil in fathead minnows
(Table 3).
DISCUSSION AND CONCLUSIONS
The bioaccumulation test is but one of several procedures available
for evaluating sediments and, in dredging operations, for helping in the
evaluation of disposal options. The test appears to be most valuable in
determining the bioavailability of contaminants present in sediments that
are not considered highly contaminated or acutely toxic to aquatic organisms.
When a particular sediment greatly exceeds bulk criteria for accumulable
contaminants or is acutely toxic to organisms, there is little need or value
in performing a bioaccumulation test.
Toledo Harbor sediments represent the type of materials for which
bioaccumulation tests appear useful. Although the sediments contained
relatively low levels of PCBs (0.21 ug/g), theworms accumulated 2.56 ug/g
during a 10-day exposure. Even though we were unable to confirm significant
accumulation of PCBs in the fathead minnows we nevertheless believe that the
test was successful in demonstrating the potential for bioaccumulation of
PCBs by the earthworms. The information thus should be helpful for use in
selecting appropriate disposal options for dredged sediments that will protect
against significant accumulation of contaminants in the tissues of organisms.
0n the other hand, bioaccumulation tests with sediments like those from
Toronto Harbour may be of limited value. The high concentrations of oil and
grease as well as volatile solids (Table l) characterize these sediments as
being heavily polluted (Dredging Subcommittee, 1982) yet the results of our
tests indicate no significant bioaccumulation potential for PCBs and Hg
and survival of test organisms was high. The use of the results of the
bioassessment tests alone would obviously be improper, since only two
contaminants were tested and the organisms used were selected, in part,
because of their relatively high tolerance to pollution. Decisions about
Toronto Harbour sediments can therefore probably best be made on the basis
of criteria other than bioaccumulation (at least not without additional
testing for other potential accumulable compounds present) and on toxicity
tests conducted on organisms more sensitive than earthworms and fathead
minnows.
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TABLE 3.
SU
MM
AR
Y
OF
TE
ST
CO
ND
IT
IO
NS
AN
D
MO
RT
AL
IT
Y
OF
OR
GA
NI
SM
S
Test Conditions
Or
ga
ni
sm
an
d
Di
ss
o1
ve
d
Ha
rd
ne
ss
Se
di
me
nt
So
ur
ce
of
Te
mp
.
Ox
yg
en
(m
g/
L,
Eh
Mo
rt
a1
it
y
Se
di
me
nt
(°
C)
(m
g/
L)
Ca
CO
a)
(m
V)
(%
)
Earthworms
To
1e
do
17
.0
8.
9
17
7.
1
—1
44
.5
36
.4
a
To
ro
nt
o
17
.2
8.
8
18
5.
2
—1
41
.6
6.
9
Co
nt
ro
1
17
.3
9.
0
18
5.
4
—1
44
.4
3.
3
Fathead Minnows
T0
1e
do
18
.5
8.
1
17
5.
3
—1
73
.2
To
ro
nt
o
18
.8
7.
4
17
9.
0
-1
70
.5
Co
nt
ro
1
18
.6
8.
1
18
3.
0
—1
63
.5
aT
we
1v
e
of
15
wo
rm
s
di
ed
in
on
e
of
th
re
e
ta
nk
s
co
nt
ai
ni
ng
se
di
me
nt
s
fr
om
To
1d
eo
Ha
rb
or
(n
on
e
di
ed
in
th
e
ot
he
r
tw
o
ta
nk
s)
.
A
pa
rt
ia
1
in
te
rr
up
ti
on
of
wa
te
r
f1
ow
wa
s
be
Ti
ev
ed
to
be
re
sp
on
si
b1
e
fo
r
th
e
di
e-
of
f.
In
a
pr
ev
io
us
de
mo
ns
tr
at
io
n
of
th
is
bi
oa
ss
ay
pr
oc
ed
ur
e,
Ma
c
gt
al
.,
us
ed
th
e
oT
ig
oc
ha
et
e
0c
to
1a
si
on
ty
rt
ae
um
in
st
ea
d
of
L.
te
rr
es
tr
is
as
an
in
fa
un
aT
in
ve
rt
eb
ra
te
.
Th
e
in
ve
st
ig
at
or
s
fo
un
d
th
is
o1
ig
oc
ha
et
e
to
be
su
it
ab
Te
,
in
th
at
it
s
su
rv
iv
aT
ra
te
wa
s
hi
gh
,
it
pr
ov
id
ed
an
ad
eq
ua
te
sa
mp
1e
an
d
wa
s
an
ef
fi
ci
en
t
bi
oa
cc
um
u1
at
or
.
It
s
1a
ck
of
co
mm
on
av
ai
1a
bi
Ti
ty
ca
us
ed
co
nc
er
n,
ho
we
ve
r,
if
it
wa
s
to
be
ro
ut
in
e1
y
us
ed
in
st
an
da
rd
iz
ed
te
st
s.
By
us
in
g
L.
te
rr
es
tr
is
in
th
is
st
ud
y,
we
ha
ve
de
mo
ns
tr
at
ed
th
at
a
mo
re
re
ad
iT
y
av
ai
1a
b1
e
or
ga
ni
sm
aT
So
ha
d
th
e
de
si
re
d
qu
a1
it
ie
s
of
Q.
ty
rt
ae
um
.
Si
mi
1a
r1
y,
fa
th
ea
d
mi
nn
ow
s
we
re
us
ed
in
th
is
st
ud
y
be
ca
us
e
of
th
ei
r
re
ad
y
av
ai
1a
bi
1i
ty
.
Th
e
fi
nd
in
g
of
e1
ev
at
ed
ba
ck
gr
ou
nd
co
nc
en
tr
at
io
ns
of
PC
Bs
in
th
es
e
fi
sh
,
ev
en
th
ou
gh
th
ey
we
re
fr
om
a
so
ur
ce
us
ed
fo
r
pr
ev
io
us
te
st
s
an
d
we
re
10
w
in
PC
B
re
si
du
es
,
ad
ds
an
ot
he
r
pe
rs
pe
ct
iv
e
to
an
d
fu
rt
he
r
ev
id
en
ce
in
su
pp
or
t
of
th
e
Dr
ed
gi
ng
Su
bc
om
mi
tt
ee
's
ea
r1
ie
r
re
co
mm
en
da
ti
on
re
ga
rd
in
g
te
st
or
ga
ni
sm
s:
"T
he
or
ig
in
of
th
e
te
st
or
ga
ni
sm
s
sh
ou
1d
be
fr
om
1a
bo
ra
to
ry
or
ha
tc
he
ry
st
oc
k
a1
10
wi
ng
mu
ch
be
tt
er
co
mp
ar
ab
iT
it
y
be
tw
ee
n
te
st
s
on
di
ff
er
en
t
ha
rb
ou
rs
an
d
as
su
ri
ng
th
at
or
ga
ni
sm
s
wi
11
be
av
ai
1a
b1
e
in
ad
eq
ua
te
nu
mb
er
s
at
a1
1
ti
me
s
of
th
e
ye
ar
,“
(D
re
dg
in
g
Su
bc
om
mi
tt
ee
,
T9
82
).
89
  
—Although the fathead minnows used in our tests were from laboratory
stoc
ks,
they
inad
vert
entl
y r
ecei
ved
some
PCB
expo
sure
prio
r to
the
test
s
eith
er a
t th
e po
int
of o
rigi
n or
duri
ng a
ccli
mati
on i
n th
e la
bora
tory
.
‘Thu
s th
e im
port
ance
of h
avin
g a
reli
able
, k
nown
and
cont
roll
ed s
ourc
e of
test organisms cannot be over emphasized.
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Section IV
INTRODUCTION
The
exp
eri
men
ts
des
cri
bed
in
thi
s r
epo
rt
wer
e p
art
of
a s
edi
men
t
bio
ass
ess
men
t s
tud
y i
nvo
lvi
ng
sev
era
l l
abo
rat
ori
es.
The
con
cep
t b
ehi
nd
the
stu
dy
was
to
com
par
e t
he
bio
ass
ess
men
t r
esu
lts
of
eac
h p
art
ici
pat
ing
lab
ora
tor
y,
eac
h u
sin
g w
hat
eve
r a
sse
ssm
ent
tec
hni
que
the
y c
urr
ent
ly
emp
loy
ed,
on
two
com
mon
sed
ime
nt
sam
ple
s f
rom
Tor
ont
o a
nd
Tol
edo
har
bor
s.
At
the
tim
e o
f t
he
stu
dy
ourl
abo
rat
ory
was
usi
ng
thr
ee
typ
es
of
sed
ime
nt
bio
ass
ays
,
a P
rat
er-
And
ers
on
typ
e r
eci
rcu
lat
ing
tes
t s
yst
em
[1]
,
an
elu
tri
ate
tes
t [
2],
and
a n
one
lut
ria
te
bea
ker
bio
ass
ay
wit
h s
edi
men
t c
ove
red
by
wat
er
[2]
.
The
se
tes
ts
use
d a
var
iet
y o
f o
rga
nis
ms
inc
lud
ing
the
bur
row
ing
may
fly
(He
xag
eni
a
lim
bat
a),
the
cla
doc
era
n
(Da
phn
ia
mag
na)
,
an
amp
hip
od
(Hy
ale
lla
azt
eca
),
a m
idg
e
(Ch
iro
nom
us
ten
tan
s),
and
the
fat
hea
d
min
now
(Pi
meg
hal
es
promelas).
Ou
r
fi
rs
t
ex
pe
ri
en
ce
wi
th
th
es
e
bi
oa
ss
ay
me
th
od
s
in
di
ca
te
d
th
at
wh
en
co
mp
ar
in
g
th
e
to
xi
ci
ty
of
an
ar
ra
y
of
va
ri
ab
ly
co
nt
am
in
at
ed
se
di
me
nt
s
th
ey
yi
el
d
qu
al
it
at
iv
el
y
si
mi
la
r
re
su
lt
s,
al
th
ou
gh
re
la
ti
ve
qu
an
ti
ta
ti
ve
se
ns
it
iv
it
y
be
tw
ee
n
te
st
pr
oc
ed
ur
es
can
va
ry
fr
om
ti
me
to
ti
me
.
Ge
ne
ra
ll
y
th
e
Da
ph
ni
a
ar
e
th
e
mo
st
se
ns
it
iv
e
of
ou
r
te
st
or
ga
ni
sm
s
an
d
th
ei
r
re
sp
on
se
ge
ne
ra
ll
y
fo
ll
ow
s
th
e
so
lu
bi
li
za
ti
on
of
th
e
to
xi
c
ch
em
ic
al
s
fr
om
th
e
se
di
me
nt
s.
Th
is
so
lu
bi
li
za
ti
on
va
ri
es
am
on
g
th
e
th
re
e
te
st
ty
pe
s
an
d
th
ei
r
ef
fe
ct
iv
e
se
di
me
nt
zw
at
er
ra
ti
os
.
Ab
ov
e
al
l,
so
lu
bi
li
za
ti
on
(a
nd
lo
ss
fr
om
so
lu
ti
on
)
is
a
dy
na
mi
c
pr
oc
es
s
an
d
pr
oc
ee
ds
at
di
ff
er
en
t
ra
te
s
de
pe
nd
in
g
on
te
st
an
d
se
di
me
nt
ty
pe
as
we
ll
as
or
ga
ni
sm
ac
ti
vi
ty
.
METHODS
SEDIMENT SAMPLES
Th
e
To
ro
nt
o
an
d
To
le
do
ha
rb
or
se
di
me
nt
s
we
re
co
ll
ec
te
d
fr
om
se
ve
ra
l
st
at
io
ns
at
ea
ch
lo
ca
ti
on
us
in
g
a
2'
x
2‘
bo
x
sa
mp
le
r
on
22
Se
pt
em
be
r
an
d
l3
Oc
to
be
r
19
83
,
re
sp
ec
ti
ve
ly
.
On
e
co
mp
os
it
e
sa
mp
le
fr
om
ea
ch
ha
rb
or
wa
s
pr
ep
ar
ed
by
mi
xi
ng
al
l
th
e
se
di
me
nt
s
fr
om
ea
ch
lo
ca
ti
on
.
Th
e
se
di
me
nt
s
we
re
in
it
ia
ll
y
ta
ke
n
to
th
e
Gr
ea
t
La
ke
s
Fi
sh
er
ie
s
La
bo
ra
to
ry
at
An
n
Ar
bo
r,
Mi
ch
ig
an
,
wh
er
e
th
ey
we
re
re
fr
ig
er
at
ed
un
ti
l
19
Oc
to
be
r
wh
en
th
ey
we
re
pl
ac
ed
in
co
ol
er
s
an
d
sh
ip
pe
d
to
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
's
Co
rv
al
li
s
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
La
bo
ra
to
ry
(C
ER
L)
,
Or
eg
on
,
ar
ri
vi
ng
th
e
ne
xt
da
y.
Th
e
sa
mp
le
s
we
re
st
or
ed
at
5°
C
un
ti
l
te
st
ed
.
Al
l
se
di
me
nt
s
we
re
us
ed
,
as
re
ce
iv
ed
,
fo
ll
ow
in
g
mi
xi
ng
of
se
di
me
nt
an
d
an
y
ov
er
ly
in
g
wa
te
r.
A
di
ag
ra
m
of
th
e
se
di
me
nt
bi
oa
ss
es
sm
en
t
pr
ot
oc
ol
an
d
th
e
ch
em
ic
al
sa
mp
li
ng
pr
ot
oc
ol
is
gi
ve
n
in
Fi
gu
re
l.
Te
st
s
we
re
in
it
ia
te
d
on
2l
Oc
to
be
r
us
in
g
co
nt
ro
l
se
di
me
nt
fr
om
Po
rt
er
La
ke
(P
L)
,
a
sm
al
l
ox
bo
w
la
ke
so
ut
h
of
Co
rv
al
li
s.
93
 
 Toledo/Toronto
Harbors
Sampled (9/22land l0/l3/83)
 
Great Lakes Fisheries Laboratory
Ann Arbor, Michigan
  
; CERL
i Corvallis, Oregon
Arr; 10/20/83
I I
            
 
   
 
   
Sediment for Sediment for
bulk chemistry acute bioassay
T
I
I
l
l
l
Inorganics
EPA
Size Analysis
Prater
Beakers
E1utriate
Metals Region X —————— F-J Recirculating
Organics Sand, silt Device
clay content
  
 
 
Daphnia I Daphnia I Daphnia
Tested initial Tested initial 48—hr test
48 hr of 48 hr of
10—day test lO—day test Fathead
-____ — _____ Minnow
48—hr test
Daphnia II Daphnia II
Tested final Tested final
48 hr of 48 hr of
l0—day test lO—day test
Hexagenia H Hyalella
lO—day test lO—day test
  
Chironomus
lO—day test
   
Water for
chemical analyses
Metals, inorganics
 
 
Initial ]
End of first 48 hr 1
Start of final 48 hr J
End of l0~day ]
Figure 1.
Schematic diagram for processing sediment samples.
94
Pr
ob
le
ms
wi
th
He
xa
ge
ni
a
co
nt
ro
l
mo
rt
al
it
y
in
th
e
Pr
at
er
—A
nd
er
so
n
ty
pe
re
ci
rc
ul
at
in
g
te
st
sy
st
em
le
d
to
th
at
po
rt
io
n
of
th
e
te
st
pr
ot
oc
ol
be
in
g
re
pe
at
ed
on
20
No
ve
mb
er
,u
si
ng
a
ne
w
ba
tc
h
of
ma
yf
li
es
in
ad
di
ti
on
to
co
nt
ro
l
se
di
me
nt
fr
om
So
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DILUTION WATER
We
ll
wa
te
r
ob
ta
in
ed
fr
om
th
e
su
pp
ly
sy
st
em
at
EP
A'
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We
st
er
n
Fi
sh
To
xi
co
lo
gy
St
at
io
n
(W
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fo
r
al
l
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cu
lt
ur
e
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d
bi
oa
ss
ay
pu
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os
es
.
TEST ORGANISMS
Al
l
te
st
or
ga
ni
sm
s
ex
ce
pt
th
e
bu
rr
ow
in
g
ma
yf
ly
(H
ex
ag
en
ia
li
mb
at
a)
we
re
ob
ta
in
ed
fr
om
co
nt
in
uo
us
cu
lt
ur
es
ma
in
ta
in
ed
at
WF
TS
.
Re
ar
in
g
pr
oc
ed
ur
es
ar
e
ro
ut
in
e
fo
r
th
e
wa
te
rf
le
a
(D
ap
hn
ia
ma
gn
a)
,
th
e
am
ph
ip
od
(H
ya
le
ll
a
az
te
ca
),
th
e
mi
dg
e
(C
hi
ro
no
mu
s
te
nt
an
s)
,
an
d
th
e
fa
th
ea
d
mi
nn
ow
(P
im
ep
ha
le
s
pr
om
el
as
),
an
d
ar
e
de
sc
ri
be
d
in
an
ea
rl
ie
r
me
th
od
s
pa
pe
r
[l
].
We
ha
ve
ro
ut
in
el
y
ob
ta
in
ed
bu
rr
ow
in
g
ma
yf
ly
ny
mp
hs
fr
om
a
su
pp
li
er
in
Wi
sc
on
si
n.
Th
is
pr
oc
ed
ur
e
ha
s
be
en
mo
re
de
pe
nd
ab
le
th
an
co
ll
ec
ti
ng
th
em
fr
om
spotty local populations.
PR
AT
ER
-A
ND
ER
SO
N
TY
PE
RE
CI
RC
UL
AT
IN
G
TE
ST
S
Th
e
re
ci
rc
ul
at
in
g
te
st
s
we
re
co
nd
uc
te
d
in
tr
ip
li
ca
te
at
20
°C
in
a
Pr
at
er
‘
An
de
rs
on
te
st
ap
pa
ra
tu
s
co
ns
is
ti
ng
of
a
re
ct
an
gu
la
r
gl
as
s
ch
am
be
r
ov
er
tw
o
wa
te
r-
fi
ll
ed
4—
li
tr
e
ja
rs
[2
].
Se
di
me
nt
wa
s
pl
ac
ed
in
th
e
bi
oa
ss
ay
ch
am
be
r
to
a
de
pt
h
of
5
cm
an
d
wa
te
r,
to
a
de
pt
h
of
7
cm
,
wa
s
ca
re
fu
ll
y
po
ur
ed
ov
er
th
e
se
di
me
nt
wi
th
mi
ni
mu
m
ag
it
at
io
n.
Us
in
g
an
ai
r
li
ft
,
wa
te
r
wa
s
ci
rc
ul
at
ed
fr
om
on
e
gl
as
s
ja
r,
th
ro
ug
h
th
e
ch
am
be
r
an
d
in
to
th
e
se
co
nd
gl
as
s
ja
r.
Th
e
tw
o
gl
as
s
ja
rs
we
re
co
nn
ec
te
d
th
ro
ug
h
a
si
ph
on
ar
ra
ng
em
en
t,
co
mp
le
ti
ng
a
th
re
e—
co
nt
ai
ne
r
fl
ow
lo
op
.
Af
te
r
on
e
da
y,
fi
ve
He
xa
ge
ni
a
ny
mp
hs
we
re
pl
ac
ed
in
th
e
se
di
me
nt
fo
r
10
da
ys
,
an
d
20
da
ph
ni
ds
we
re
pl
ac
ed
in
a
sc
re
en
—b
ot
to
m
gl
as
s
cy
li
nd
er
pa
rt
ia
ll
y
su
bm
er
ge
d
in
th
e
wa
te
r
ab
ov
e
th
e
se
di
me
nt
.
Tw
o
Da
ph
ni
a
te
st
s
we
re
ru
n,
th
e
fi
rs
t
(D
I)
du
ri
ng
th
e
in
it
ia
l
48
hr
an
d
th
e
se
co
nd
(0
11
)
du
ri
ng
th
e
la
st
48
hr
of
th
e
10
—d
ay
He
xa
ge
ni
a
te
st
.
Th
e
sa
me
wa
te
r
an
d
se
di
me
nt
re
ma
in
ed
in
th
e
ap
pa
ra
tu
s
fo
r
th
e
tw
o
te
st
s.
In
al
l
te
st
s
th
e
cr
it
er
ia
fo
r
su
rv
iv
al
wa
s
vi
si
bl
e
mo
ti
on
;
or
ga
ni
sm
s
wh
ic
h
we
re
un
re
sp
on
si
ve
to
ta
ct
il
e
st
im
ul
i
we
re
co
ns
id
er
ed
de
ad
.
A
ch
i—
sq
ua
re
an
al
ys
is
wa
s
us
ed
to
te
st
fo
r
di
ff
er
en
ce
s
be
tw
ee
n
po
ol
ed
co
nt
ro
l
an
d
te
st
su
rv
iv
al
at
th
e
0.
05
le
ve
l
of
significance.
LIQUID PHASE ELUTRIATE TESTS
Da
ph
ni
a
we
re
ex
po
se
d
fo
r
48
ho
ur
s
to
ce
nt
ri
fu
ge
d
wa
te
r
sa
mp
le
s
ob
ta
in
ed
fr
om
a
se
di
me
nt
zw
at
er
sl
ur
ry
.
Th
e
se
di
me
nt
wa
s
mi
xe
d
wi
th
cl
ea
n
di
lu
ti
on
wa
te
r
in
a
vo
lu
me
tr
ic
se
di
me
nt
—t
o—
wa
te
r
ra
ti
o
of
1:
4,
pl
ac
ed
in
a
cl
os
ed
co
nt
ai
ne
r
(3
50
mL
se
di
me
nt
zl
40
0
mL
wa
te
r
in
a
2—
li
tr
e
bo
tt
le
)
an
d
mi
xe
d
vi
go
ro
us
ly
fo
r
on
e—
ha
lf
ho
ur
.
Th
e
sa
mp
le
s
we
re
th
en
al
lo
we
d
to
se
tt
le
ov
er
ni
gh
t.
Th
e
ov
er
ly
in
g
wa
te
r
wa
s
si
ph
on
ed
of
f
an
d
ce
nt
ri
fu
ge
d
at
10
,0
00
rp
m
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.
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.
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n
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"
v
.
¢
:
-
:
-
4
-
~
l
\
*
—
V
.
n
w
t
-
«
M
A
(
l
6
,
3
0
0
x
G)
f
o
r
l5
m
i
n
u
t
e
s
.
T
h
e
w
a
t
e
r
(
2
0
0
m
L
/
b
e
a
k
e
r
)
w
a
s
t
h
e
n
t
r
a
n
s
f
e
r
r
e
d
d
i
r
e
c
t
l
y
to
t
h
r
e
e
2
5
0
—
m
L
b
e
a
k
e
r
s
a
n
d
g
e
n
t
l
y
a
e
r
a
t
e
d
w
i
t
h
g
l
a
s
s
—
t
i
p
p
e
d
p
l
a
s
t
i
c
a
i
r
lines,
w
i
t
h
t
h
e
t
i
p
l
c
m
b
e
l
o
w
t
h
e
w
a
t
e
r
s
u
r
f
a
c
e
.
T
e
n
D
a
p
h
n
i
a
(
<
2
4
—
h
o
u
r
old)
w
e
r
e
t
h
e
n
p
l
a
c
e
d
in
e
a
c
h
of
t
h
e
t
h
r
e
e
b
e
a
k
e
r
s
c
o
n
t
a
i
n
i
n
g
t
h
e
e
l
u
t
r
i
a
t
e
w
a
t
e
r
t
o
be
t
e
s
t
e
d
.
S
u
r
v
i
v
o
r
s
w
e
r
e
c
o
u
n
t
e
d
a
f
t
e
r
4
8
h
o
ur
s
.
N
e
w
l
y
h
a
t
c
h
e
d
(<5
m
i
n
u
t
e
)
f
a
t
h
e
a
d
m
i
n
n
o
w
s
w
e
r
e
a
l
s
o
e
x
p
o
s
e
d
t
o
2
0
0
m
L
of
t
h
e
e
l
u
t
r
i
a
t
e
w
a
t
e
r
f
o
r
4
8
h
o
ur
s
,
w
i
t
h
10
f
i
s
h
p
e
r
d
u
p
l
i
c
a
t
e
2
5
0
m
L
b
e
a
k
e
r
e
x
c
e
p
t
,
t
h
r
o
u
g
h
e
r
r
o
r
,
T
o
l
e
d
o
w
i
t
h
o
n
l
y
o
n
e
b
e
a
k
e
r
a
n
d
f
i
v
e
fish.
SOLID
PHASE
S
E
D
I
M
E
N
T
AND
W
A
T
E
R
BEAKER
TEST
T
h
e
s
e
t
e
s
t
s
,
c
o
n
d
u
c
t
e
d
in
a
e
r
a
t
e
d
l
0
0
0
—
m
L
b
e
a
k
e
r
s
,
e
x
p
o
s
e
d
D
a
p
h
n
i
a
f
o
r
4
8
h
o
ur
s
a
n
d
ﬂ
y
a
l
e
l
l
a
a
n
d
C
h
i
r
o
n
o
m
u
s
f
o
r
l0
d
a
ys
,
a
t
w
h
i
c
h
t
i
m
e
s
u
r
v
i
v
o
r
s
w
e
r
e
s
c
r
e
e
n
e
d
f
r
o
m
t
h
e
w
a
t
e
r
a
n
d
s
e
d
i
m
e
n
t
a
n
d
c
o
u
n
t
e
d
,
u
s
i
n
g
s
u
r
v
i
v
a
l
as
t
h
e
c
r
i
t
e
r
i
o
n
f
o
r
t
o
x
i
c
i
t
y
.
F
o
r
e
a
c
h
s
e
d
i
m
e
n
t
a
n
d
e
a
c
h
t
e
s
t
s
p
e
c
i
e
s
,
s
e
d
i
m
e
n
t
(
2
0
0
mL)
w
a
s
p
l
a
c
e
d
in
e
a
c
h
of
t
h
r
e
e
r
e
p
l
i
c
a
t
e
l
O
O
O
—
m
L
g
l
a
s
s
b
e
a
k
e
r
s
.
A
f
t
e
r
a
d
d
i
t
i
o
n
of
t
h
e
s
e
d
i
m
e
n
t
,
8
0
0
mL
of
d
i
l
u
t
i
o
n
w
a
t
e
r
wa
s
g
e
n
t
l
y
p
o
u
r
e
d
i
n
t
o
e
a
c
h
b
e
a
k
e
r
,
b
r
i
n
g
i
n
g
t
h
e
t
o
t
a
l
c
o
n
t
e
n
t
s
to
l
0
0
0
mL.
B
e
a
k
e
r
s
w
e
r
e
l
e
f
t
u
n
a
e
r
a
t
e
d
o
v
e
r
n
i
g
h
t
to
r
e
d
u
c
e
t
u
r
b
i
d
i
t
y
a
n
d
to
g
i
v
e
m
o
r
e
w
a
t
e
r
—
s
e
d
i
m
e
n
t
c
o
n
t
a
c
t
t
i
m
e
b
e
f
o
r
e
a
n
i
m
a
l
s
w
e
r
e
p
l
a
c
e
d
in
t
h
e
b
e
a
k
e
r
s
.
T
h
e
w
a
t
e
r
in
t
h
e
b
e
a
k
e
r
s
w
a
s
c
o
n
t
i
n
u
o
u
s
l
y
a
e
r
a
t
e
d
b
e
g
i
n
n
i
n
g
o
n
e
—
h
a
l
f
h
o
u
r
b
e
f
o
r
e
t
e
s
t
a
n
i
m
a
l
s
w
e
r
e
a
d
d
e
d
.
G
e
n
t
l
e
a
e
r
a
t
i
o
n
t
h
r
o
u
g
h
g
l
a
s
s
~
t
i
p
p
e
d
a
i
r
l
i
n
e
s
d
i
s
c
h
a
r
g
i
n
g
3
c
m
b
e
l
o
w
t
h
e
w
a
t
e
r
s
u
r
f
a
c
e
w
a
s
us
e
d
to
o
x
y
g
e
n
a
t
e
t
h
e
w
a
t
e
r
a
n
d
d
i
d
n
o
t
v
i
s
i
b
l
y
d
i
s
t
u
r
b
t
h
e
sediment.
T
e
n
o
r
l5
t
e
s
t
a
n
i
m
a
l
s
w
e
r
e
p
l
a
c
e
d
in
e
a
c
h
b
e
a
k
e
r
:
5
~
d
a
y
o
l
d
D
a
p
h
n
i
a
(l5);
j
u
v
e
n
i
l
e
H
y
a
l
e
l
l
a
(l5);
a
n
d
2
n
d
—
i
n
s
t
a
r
C
h
i
r
o
n
o
m
u
s
(l0).
A
t
t
h
e
end
of
t
h
e
t
e
s
t
t
h
e
s
e
d
i
m
e
n
t
wa
s
s
c
r
e
e
n
e
d
to
c
o
l
l
e
c
t
a
n
d
c
o
u
n
t
t
h
o
s
e
l
i
ve
and
d
e
a
d
a
n
i
m
a
l
s
r
e
m
a
i
n
i
n
g
in
t
h
e
s
e
d
i
m
e
n
t
.
D
a
p
h
n
i
a
w
e
r
e
r
e
c
o
v
e
r
e
d
a
f
t
e
r
t
h
e
4
8
—
h
o
u
r
t
e
s
t
t
h
r
o
u
g
h
a
10
x
15
c
m
(0.5
m
m
m
e
s
h
)
s
c
r
e
e
n
.
T
h
e
D
a
p
h
n
i
a
w
e
r
e
t
h
e
n
g
e
n
t
l
y
r
i
n
s
e
d
f
r
o
m
t
h
e
s
c
r
e
e
n
a
n
d
t
r
a
n
s
f
e
r
r
e
d
to
c
l
e
a
n
w
a
t
e
r
f
o
r
c
o
u
n
t
i
n
g
.
T
h
e
s
c
r
e
e
n
e
d
w
a
t
e
r
a
n
d
s
o
l
i
d
s
w
e
r
e
g
e
n
t
l
y
p
o
u
r
e
d
b
a
c
k
i
n
t
o
t
h
e
t
e
s
t
b
e
a
k
e
r
s
.
A
s
e
c
o
n
d
4
8
—
h
o
u
r
D
a
p
h
n
i
a
t
e
s
t
wa
s
c
o
n
d
u
c
t
e
d
s
i
x
d
a
y
s
l
a
t
e
r
u
s
i
n
g
t
h
e
s
a
m
e
b
e
a
k
e
r
s
c
o
n
t
a
i
n
i
n
g
t
h
e
s
a
m
e
w
a
t
e
r
a
n
d
s
e
d
i
m
e
n
t
as
t
h
e
i
n
i
t
i
a
l
D
a
p
h
n
i
a
t
e
s
t
s
.
T
h
i
s
wa
s
d
o
n
e
to
d
e
t
e
r
m
i
n
e
if
t
o
x
i
c
i
t
y
c
h
a
n
g
e
d
w
i
t
h
i
n
c
r
e
a
s
e
d
w
a
t
e
r
—
s
e
d
i
m
e
n
t
c
o
n
t
a
c
t
t
i
m
e
,
and
p
a
r
a
l
l
e
l
e
d
t
h
e
D
a
p
h
n
i
a
t
e
s
t
s
in
t
h
e
P
r
a
t
e
r
r
e
c
i
r
c
u
l
a
t
i
n
g
d
e
v
i
c
e
.
CHEMICAL ANALYSIS
———___
INORGANIC CHEMISTRY
W
e
t
s
e
d
i
m
e
n
t
s
a
m
p
l
e
s
w
e
r
e
t
r
a
n
s
f
e
r
r
e
d
t
o
t
a
r
e
d
f
l
a
s
k
s
a
n
d
t
h
e
w
e
t
w
e
i
g
h
t
s
w
e
r
e
d
e
t
e
r
m
i
n
e
d
.
E
x
c
e
p
t
f
o
r
u
s
i
n
g
a
w
e
t
s
a
m
p
l
e
(to
m
i
n
i
m
i
z
e
loss
of
v
o
l
a
t
i
l
e
s
)
,
t
h
e
d
i
g
e
s
t
i
o
n
t
e
c
h
n
i
q
u
e
o
f
S
i
n
e
x
g
t
a
1
.
[3]
w
a
s
u
s
e
d
a
s
t
h
e
i
n
i
t
i
a
l
a
n
a
l
y
t
i
c
a
l
step.
A
s
e
c
o
n
d
m
i
n
o
r
v
a
r
i
a
t
i
o
n
(to
m
a
x
i
m
i
z
e
e
x
t
r
a
c
t
i
o
n
e
f
f
i
c
i
e
n
c
y
)
e
n
t
a
i
l
e
d
w
a
s
h
i
n
g
t
h
e
d
i
g
e
s
t
e
d
s
e
d
i
m
e
n
t
w
i
t
h
t
wo
l
O
O
—
m
L
p
o
r
t
i
o
n
s
of
l
a
b
o
r
a
t
o
r
y
q
u
a
l
i
t
y
r
e
v
e
r
s
e
o
s
m
o
s
i
s
w
a
t
e
r
r
a
t
h
e
r
t
h
a
n
25
mL.
E
a
c
h
a
n
a
l
y
s
i
s
wa
s
p
e
r
f
o
r
m
e
d
in
t
r
i
p
l
i
c
a
t
e
a
n
d
no
s
i
g
n
i
f
i
c
a
n
t
v
a
r
i
a
t
i
o
n
o
c
c
u
r
r
e
d
a
m
o
n
g
triplicates.
96
 A separate aliquot was analyzed for moisture to relate the samples back to
a dry~weight basis. An aliquot of the sediment sample was transferred to a
glass bottle, frozen and placed in a freeze~dryer. Tares and weights of
sediments were noted prior to freezing and after freeze—drying. The moisture
lost through freeze~drying was compared to moisture loss following heating on
a steam bath and final drying in a 100°C oven overnight. The variation
observed in freeze—drying was no different than variation observed in air-oven
drying, and the mean percent moisture by either technique gave the same result.
The freeze—dried sediments were passed through a sieve with a 250 pm
opening (No. 60). Any residue retained by the sieve was ground until it passed
through the sieve openings. Small stones were discarded. Normally 95% of the
freeze—dried material would pass through the sieve with minimum grinding. This
sieved sediment was used for COD, TKN, TOC, total phosphate—phosphorus, and
neutral hexane extractible analysis [4, 5, 6]. The results of the bulk analysis
for metals, moisture, loss on combustion (volatile matter), TOC, TKN, TP, neutral
hexane extractable material, pH, and uncorrected Eh are presented in Table 1.
Most of these analyses, as well as most of the ionic analyses, were
carried out for the purpose of characterizing the sediment. This provides for
future comparision between these and other sediments that we may investigate,
provides baseline information that may be valuable for normalizing toxicant
bulk chemistry to toxicologically meaningful values, and provides quality
control information.
Samples of water for chemical analysis from the Prater~Anderson bioassay
syst
em w
ere
with
draw
n fr
om t
he g
lass
jar
rece
ivin
g th
e ov
erfl
ow f
rom
the
bio—
assay vessel of each array. Fifty mL of water was withdrawn from each of the
thre
e r
epli
cate
bioa
ssay
arra
ys o
n da
y 0,
2, a
nd 8
; 33
0 mL
were
with
draw
n on
day
10.
The
thre
e re
plic
ates
were
comb
ined
to f
orm
a 15
0~mL
comp
osit
e fo
r th
e
firs
t th
ree
samp
le d
ays
and
a l~
litr
e co
mpos
ite
on d
ay l
0.
Turb
idit
y, p
H an
d
00 m
easu
reme
nts
were
made
on i
ndiv
idua
l v
esse
ls w
ithi
n ea
ch a
rray
on e
ach
sam
ple
day.
The
dat
a f
or
tub
idi
ty
are
pre
sen
ted
in
Tab
le
2.
Alt
hou
gh
no
ini
tia
l w
ell
—wa
ter
tur
bid
iti
es
wer
e m
eas
ure
d,
the
cla
rit
y o
f t
he
wat
er
ind
ica
ted
tha
t v
alu
es
wer
e n
o h
igh
er
tha
n t
hos
e m
eas
ure
d o
n d
ay
0 o
f t
he
sec
ond
exp
eri
men
t.
No
day
0 r
ead
ing
s w
ere
mad
e i
n t
he
fir
st
exp
eri
men
t,
but
the
val
ues
wou
ld
pro
bab
ly
hav
e b
een
sim
ila
r t
o t
hos
e i
n t
he
sec
ond
exp
eri
men
t.
Thi
s i
s a
lso
inf
err
ed
in
Tab
les
3,
5 a
nd
7 w
her
e t
ota
l
con
sti
tue
nts
in
the
wat
er
are
ver
y
low
on
day
0 o
f b
oth
tes
ts
and
the
n i
ncr
eas
e w
ith
inc
rea
sin
g t
urb
idi
ty.
We
def
ine
d t
he
tot
al
con
cen
tra
tio
n o
f a
ll
ino
rga
nic
con
sti
tue
nts
in
the
wat
er
as
the
qua
nti
ty
tha
t
is
dis
sol
ved
two
day
s
aft
er
aci
dif
ica
tio
n
of
a
wat
er
sam
ple
to
2.0
%
HNO
a.
The
sol
ubl
e
con
cen
tra
tio
n
is
ope
rat
ion
all
y
def
ine
d
as
tha
t
whi
ch
is
pre
sen
t
in
sup
ern
ata
nt
aft
er
cen
tri
fug
ati
on
of
the
una
cid
ifi
ed
sam
ple
at
20,
000
RPM
(48
,20
0x
G)
for
10
min
ute
s,
fol
low
ed
by
car
efu
l
dec
ant
ati
on
of
a l
iqu
id
ali
quo
t
and
aci
dif
ica
tio
n
to
2.0
%
HNO
a
[7]
.
Ele
men
tal
ana
lys
es
wer
e
per
for
med
on
the
aci
dif
ied
sam
ple
s
usi
ng
ind
uct
ive
ly
cou
ple
d p
las
ma-
ato
mic
emi
ssi
on
spe
ctr
ome
try
[8]
.
Aft
er
day
0,
the
wat
er
fro
m
Tor
ont
o
and
Tol
edo
sed
ime
nt
bio
ass
ays
sho
wed
dif
fer
enc
es
in
bot
h
tot
al
and
sol
ubl
e
con
cen
tra
tio
ns
of
cal
ciu
m,
mag
nes
ium
,
st
ro
nt
iu
m,
ir
on
and
ma
ng
an
es
e,
an
d
in
to
ta
l
al
um
in
um
(T
ab
le
s
5
to
8).
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TABLE 1.
BULK ANALYSIS, TOLEDO—TORONTO SEDIMENTS
% % Neutra1
Loss Dis— * * Hexane
% on so1ved COD TOC TKN TP Extract. **
Moisture Combust. in Acid % % ppt ppt ppt. Eh pH
Porter
Lake
Contro] 70 12 32 9.2 4.0 4.5 1.6 1.0 —154 6.6
a
Toronto
42
8
38
9.5
3.3 2.4 1.8
7.6
—161 6.7
‘
To1edo
58
9
31
7.3
3.0 3.1 1.5
2.2
421 6.7
Soap
Creek
Contro1
77
14
49
7.8
3.7
2.9 0.6
1.0
—
—-
BULK ANALYSIS, TORONTO—TOLEDO SEDIMENTS, TOTAL METALS, mg/kg DRY WEIGHT
 
Cu Ni Cr Pb Cd Zn
Porter
Lake
Contro1 42 76 60 18 1 93
Toronto
95
75
100
320
4
350
To1edo
47
83
100
62
4
230
Soap
Creek
Contro1 200 120 300 21 3 150
*Tota1 Kje1dah1 nitrogen and tota1 phosphate in parts per thousand.
**Direct mi11ivo1t reading — potentia1 deve1oped by p1atinum redox e1ectrode.
 TABLE 2.
TURBIDITY IN PRATER—TYPE VESSEL, JTU
1st Run (Porter Lake Controi) 2nd Run (S.C. Pond Controi)
Initia1 Day 0 Day 2 Day*8 Day*10 Initia1 Day 0 Day 2 Day 8 Day 10
Contro1 1 —- —- 100 56 40 —— 2 70 90 95
Controi 2 —— —- 40 22 14 -— 2 35 65 85
Contro1 3 —- —- 35 19 10 —— 2 25 110 150
Toronto 1 —— —— 60 20 10 —— 3 140 140 58
Toronto 2 -~ —- 82 20 15 ~— 2 100 80 60
Toronto 3 —- —— 82 16 5 ~— 2 170 140 95
Toledo 1 —— —- 100 82 55 —— 3 36 57 60
To1edo 2 —— —- 110 38 24 —— 2 50 110 100
To1deo 3 —- —— 130 120 95 —- 2 30 110 120
*Low turbidity due to 1ack of Hexagenia activity.
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 TABLE 3.
TOTAL CONSTITUENTS IN WATER COLUMN, mg/L
Porter Lake Contro7 Soap Creek Pond Contro]
* *
 
Initia7 Day 0 Day 2 Day 8 Day 70 Initia7 Day 0 Day 2 Day 8 Day 70
Ca7cium 6.8 7.7 7.6 7.3 7.8 6.6 6.9 7.7 7.7 7.2
Magnesium 2.7 2.3 3.7 3.0 3.7 2.0 2.2 2.9 3.3 3.5
Sodium 5.7 5.3 5.6 5.5 5.8 4.8 4.9 5.0 4.2 4.3
Potassium 0.58 0.74 7.7 7.0 7.7 0.45 0.23 0.47 0.36 0.36
Strontium 0.036 0.040 0.055 0.053 0.055 0.033 0.034 0.034 0.029 0.029
Iron 0.035 0.72 3.0 7.5 7.0 0.054 0.047 7.8 3.2 4.7
Manganese <0.002 0.032 0.74 0.045 0.024 <0.002 0.095 0.44 0.35 0.36
Zinc 0.074 0.078 0.07 0.076 0.047 <0.005 0.005 0.034 0.077 0.075
Aluminum <0.03 <0.03 2.0 0.92 0.74 <0.03 <0.03 0.67 7.2 7.7
 
Tota7
Phosphorus
as P 0.026 <0.07 -— 0.039 0.033 0.036 <0.07 0.027 —- —-
Tota7
Kje7dah7
Nitrogen 0.79 0.32 —— 7.2 0.77 <0.05 0.059 0.53 ~- ——
 
*We77 water before sediment contact.
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TABLE 4.
RELEASE OF SOLUBLES
- CONTROLS, mg/L
 
1st Run+ 2nd Run++
* (a)
Initia1 Day 0 Day 2 Day 8 Day 10 Initia1 Day 0 Day 2 Day 8 Day 10
Ca1cium 6.9 7.1 6.7 6.6 7.0 6.4 6.7 6.7 .5 5.6
Magne
sium
2.2
2.3
2.6
2.8
3.0
2.0
2.2
2.3
.2
2.1
Sodi
um
5.2
5.3
5.5
5.5
5.7
4.8
4.9
4.8
.2
4.4
Pota
ssiu
m
0.7
0.7
1.0
1.3
1.2
0.5
0.5
0.5
.4
0.5
Stro
ntiu
m
0.03
7
0.04
0
0.04
4
0.04
7
0.05
0
0.03
4
0.03
4
0.03
0
.022
0.02
1
Iron
0.03
6
0.03
8
0.03
8
0.11
0.17
0.04
3
0.00
8
0.08
1
.351
0.15
Mang
anes
e
<0.0
02
0.03
1
0.01
9 <
0 00
2 <
0 00
2 <
0.00
2
0.09
3
0.28
1
.011
0.00
3
Zinc
0.0
14
0 0
21
0.0
57
0.0
22
0 0
34
0.0
09
0.0
07
0.01
1
.008
0.0
32
NHa
-N
0.1
05
0.2
8
—-
0.4
7
0.2
4
0.0
06
0.0
6
0.21
-
~—
Drt
ho
P
0.0
28
<0.
005
——
0.0
20
0.0
16
0.0
36
<0.
005
<0.
005
-
——
N02
+N0
3—N
0.0
17
0.1
1
—-
0.4
4
0.9
7
0.1
6
0.0
14
0.1
0
-
—-
Su1
fat
e
4
4
7
10
14
6
3
3
3
+1s
t
Run
—-
whe
n
Por
ter
Lak
e s
edi
men
t w
as
con
tro
1.
++2
nd
Run
— w
hen
Soa
p
Cre
ek
Pon
d
sed
ime
nt
was
con
tro
1.
*We11 water before sediment contact.
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TABLE 5.
TORONTO, TOTAL CONSTITUENTS IN WATER COLUMN, mg/L
 
1st Run 2nd Run
* *
Initia1 Day 0 Day 2 Day 8 Day 10 Init1a1 Day 0 Day 2 Day 8 Day 10
 
Ca1cium 6.8 8.7 28 35 39 6.6 9.8 40 42 45
Magnesium 2.1 2.4 4.3 3.9 4.0 2.0 2.4 5.0 4.2 4.4
Sodium 5.1 5.6 6.8 7.5 7.8 4.8 5.6 6.7 7.2 7.5
Potassium 0.58 0.77 1.7 1.8 1.8 0.45 0.65 1.7 1.8 1.9
Strontium 0.036 0.045 0.098 0.12 0.13 0.033 0.048 0.12 0.14 0.15
Iron 0.035 0.18 4.1 0.86 0.76 0.054 0.17 6.0 2.1 2.2
Manganese <0.002 0.019 0.16 0.025 0.019 <0 002 0.028 0.25 0.10 0.088
 
Zinc 0.014 0.035 0.09 0.04 0.05 <0.005 0.008 0.21 0.09 0.66
A1uminum <0.03 <0.03 2.1 0.4 0.17 <0.03 <0.03 2.2 0.58 0.66
Tota1
Phosphorus
as P 0.026 <0.010 —~ 0.015 0.011 0.036 <0.02 0.040 -~ ~—
Tota1
Kje1dah1
Nitrogen 0.19 0.32 —— 0.27 0.28 <0.05 0.81 0.38 —- ——
*We11 water before sediment contact.
TABLE 6.
TORONTO, RELEASE OF SOLUBLES, mg/L
 
1s
t
Run
2nd
Run
*
In
it
1a
1
Da
y
0
Da
y
2
Da
y
8
Da
y
10
In
it
ia
1
Da
y
0
Da
y
2
Da
y
8
Da
y
10
Ca
1c
iu
m
6.
9
8.
7
24
33
37
6.
4
9.
3
23
34
40
Ma
gn
es
iu
m
2.
2
2.
4
3.
0
3.
7
3.
8
2.
0
2.
4
3.
1
3.
7
4.
0
So
di
um
5.
2
5.
6
6.
6
7.
4
7.
6
4.
8
5.
5
6.
6
7.1
7.
5
Po
ta
ss
iu
m
0.
7
0.
7
1.
4
1.
9
1.
9
0.
5
0.
8
1.
5
1.
9
2.
0
Ir
on
0.
03
6
0.
03
4
0.
02
6
0.
03
2
0.
10
0.
04
3
0.
01
4
0.
07
7
0.
04
0
0.
03
9
Ma
ng
an
es
e
<0
.0
02
0.
01
9
0.
07
5
0.
00
4
0.
00
3
<0
00
2
0.
02
6
0.
06
3
0.
00
6
0.
00
7
Zi
nc
0.
01
4
0.
03
6
0.
06
1
0.
00
7
0.
02
4
0.
00
9
0.
00
9
<0
.0
05
0.
01
1
0.
00
9
NH
a—
N
0.
05
0.
68
——
0.
10
0.
38
0.
08
0.
15
0.
36
-—
—-
N0
2+
N0
3—
N
0.
01
7
0.
09
——
0.
89
2.
3
0.
16
0.
05
4
0.
04
6
—-
—-
Or
th
o
P
0.
02
8
<0
.0
05
——
0.
02
0.
01
3
0.
03
6
<0
.0
05
0.
01
8
—-
~—
St
ro
nt
iu
m
0.
03
7
0.
04
5
0.
08
6
0.
12
0.
13
0.
03
4
0.
04
7
0.
09
0
0.
13
0.
14
0
Ch
1o
ri
de
6.
2
~—
——
-
10
.0
-
—
—
——
10
.0
Su
1f
at
e
—-
4
4
7
—
-—
3
7
12
13
*w
e1
1
wa
te
r
be
fo
re
se
di
me
nt
co
nt
ac
t.
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TABLE 7.
TOLEDO, TOTAL CONSTITUENTS IN HATER COLUMN, mg/L
 
1st Run 2nd Run
it *
  
Initia] Day 0 Day 2 Day 8 Day 10 Initia1 Day 0 Day 2 Day 8 Day 10
Ca1ci
um
6.8
9.7
20
30
32
6.6
8.7
15
26
29
Magne
sium
2.1
2.8
4.9
5.2
5.4
2.0
2.4
3.7
5.1
5.5
Sodiu
m
5.1
5.6
5.8
5.8
6.0
4.8
5.2
5.8
5.8
5.9
Pota
ssiu
m
0.58
0.77
1.4
1.8
1.7
0.45
0.46
1.1
1.8
1.7
Stron
tium
0.036
0.060
0.12
0.18
0.19
0.033
0.05
0.10
0.18
0.19
Iron
0.035
0.15
5.6
2.6
0.76
0.054
0.072
0.82
1.5
1.9
Manga
nese
<0.00
2
0.049
0.17
0.05
0.03
<0.00
2
0.030
0.13
0.12
0.11
Zinc 0.014 0.012 0.047 0.058 0.035 <0.005 0.026 0.015 0.025 0.029
A1umi
num
<0.03
<0.03
3.1
1.6
1.1
<0.03
<0.03
0.25
0.47
0.78
Tota1
1
Phosphorus
as P
0.026
0.017
~«
0.04
0.038
0.036
<0.01
<0.01
——
——
I
Tota1
1
Kje1dah1
Nitr
ogen
0.19
0.76
m—
0.47
0.37
<0.0
5
0.42
0.92
--
——
*We11 water before sediment contact.
 TABLE 8.
TOLEDO, RELEASE OF SOLUBLES, mg/L
ist Run
2nd Run
*
Initia7
Day 2 Day 8 Day 10
Day 2 Day 8 Day 70
Caicium
Magnesium
Sodium
Potassium
Strontium
Iron
Manganese
Zinc
NHa—N
N02+N03—N
Ortho P
Chloride
Sulfate
6.9
2.2
5.2
0.7
0.037
0.036
<0.002
0.074
0.05
0.077
0.028
77 29 37
3.4 4.7 4.9
5.5 5.9 5.9
7.3 7.6 7.7
0.77 0.78 0.79
0.077 0.042 0.078
0.022 <0.002 <0.002
0.027 0.006 0.073
-— 0.22 0.08
—— 7.3 2.3
—— 0.029 0.032
—— 8.2
4 5 5
75 24 26
3.5 4.8 5.7
5.5 5.7 5.9
7.2 7.8 7.8
0.098 0.77 0.78
0.026 0.066 0.047
0.073 0.004 0.074
<0.005 0.005 <0.005
0.23 -- -—
0.052 4- -—
<0.005 ~ ——
__ —- 7.4
4 4 4
*w
e1
7
wa
te
r
be
fo
re
se
di
me
nt
co
nt
ac
t.
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Aluminum is not included in the soluble metal data tables because all of its
concentrations were below the detection level (0.03 mg/L). Concentrations of
a the following metals were below the indicated detection levels in both the
é -total and soluble fractions [9]:
Metal Detection Level, pg/L
 
i Antimony 30 Lead 30
Arsenic 30 Nickel 10
Cadmium 5 Vanadium 7
Mercury 5
Soluble copper and soluble chromium were below the detection level of 10 pg/L,
but total copper and total chromium were above detection limits in Toledo and
Toronto samples on at least one occasion and total copper was detected once in
a Soap Creek control sample. As a general rule of thumb, if a concentration
is at least three times the detection level there is confidence that the
analytical signal approaches a true concentration [9]. This occurred only in
‘
the case of day 2 of the second run in the total concentration of the Toronto
water for copper and chromium as shown in Table 9.
  
In examining the data on totals and solubles in Tables 3 through 8 the
above rule of thumb should be applied. Very little change in soluble
constituents is observed over the 10—day test period in the different control
sediments (Tables 3 and 4). This is expected because the locally obtained
control sediments are generally similar to the soil types through which the
test water (local groundwater) moves.
The situation changes when water comes
in contact with Toronto and Toledo sediments.
The relatively small volume of
water coming in contact with sediment particles tends to interact and
equilibrate to the character of the sediments, and should approach the
character of Toronto and Toledo harbor waters.
 
An analysis of the water chemistry in Toronto and Toledo harbors was
obtained from the Ohio EPA (STORET code station 500080) and the Ontario Ministry
of the Environment.
The data for Toledo is from a sampling period near the
actual time of sediment collection and that for Toronto was collected in the
same period in l982. The water chemistry within the bioassay vessels did not
approach the actual water quality conditions of the overlying harbor waters.
This is most evident in the chloride and sulfate concentrations.
The chloride
and sulfate concentrations in Toldeo Harbor reported by the Ohio EPA were 59 and
29 mg/L, respectively, whereas concentrations released from the test sediments
were 8 and 5 mg/L.
A chloride and sulfate concentration of 30 and 37 mg/L,
respectively, was reported for Toronto Harbour water by the Ontario Ministry,
while the sediment released 10 and l2 mg/L.
The activity of the Hexagenia in sediment caused increased turbidity of
the water column as shown in Table 2. The particulates moving through the water
column modify water concentrations of dissolved constituents, especially in
the case of Toronto and Toledo sediments.
This water concentration change in
}
solubles does not mimic the overlying water and does not approach the total
1
hardness and alkalinity as indicated in Table 10. In interpreting biological
1
responses, temporal changes resulting from soluble releases from sediments must
be considered, and consideration given to using site water.
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 TABLE 9.
TO
TA
L
CO
PP
ER
,
ug/
L,
AN
D
TO
TA
L
CH
RO
MI
UM
IN
WA
TE
R
CO
LU
MN
OV
ER
TO
RO
NT
O,
TOLEDO AND CONTROL SEDIMENTS
 
1s
t
Run
2nd
Run
*
*
In
it
ia
1
Da
y
0
Da
y
2
Da
y*
8
Da
y*
10
In
it
ia
1
Da
y
0
Da
y
2
Da
y
8
Da
y
10
Copper
To
ro
nt
o
<1
0
<1
0
20
<1
0
<1
0
<1
0
<1
0
91
20
18
Copper
To
1e
do
<1
0
<1
0
<1
0
32
<1
0
<1
0
<1
0
<1
0
<1
0
24
Copper
Co
nt
ro
1
<1
0
<1
0
<1
0
13
<1
0
<1
0
<1
0
<1
0
14
<1
0
Chromium
To
ro
nt
o
<7
<7
13
<7
16
<7
<7
<7
8
<7
Chromium
To
1d
eo
<7
<7
8
<7
<7
<7
<7
26
<7
<7
Chromium
Co
nt
ro
1
<7
<7
<7
<7
<7
<7
<7
<7
<7
<7
*w
e1
1
wa
te
r
be
fo
re
se
di
me
nt
co
nt
ac
t.
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TABLE 10.
DATA ON WATER, TORONTO—TOLEDO
* Day Day Day Day * Day Day Day Day **
Initia1 0 2 8 _10 Initia1 0 2 8 10 Natura1
Toronto
pH Units 7.0 7.1 7.7 8.0 8.0 7.0 7.2 7.8 8.0 7.9 8.1
A1ka1inity
mg/L 24 31 61 86 83 22 28 63 92 107 104
Tota1 Hardness
mg/L 23 28 66 92 102 21 29 65 95 110 140
DO mg/L 9.0 6.6 7.5 8.1 8.6 9.0 6.5 7.7 7.6 7.8 ~—
Temperature***
To1edo
pH Units 7.0 6.9 7.5 7.8 7.9 7.0 7.2 7.3 7.8 7.7 8.1
A1ka1inity
mg/L 24 —— 49 83 74 22 29 50 80 86 143
Tota1 Hardness
mg/L 23 —- 57 92 97 21 31 51 80 86 230
DO mg/L 9.0 6.8 6.3 7.3 8.3 9.0 5.8 5.6 6.8 6.4 ——
Temperature***
*We11 water before sediment contact.
**Site water (Toronto and To1edo Harbors).
***Water temperature was 20°C in a11 cases.
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 ORGANIC POLLUTANTS
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ed
in
te
re
st
in
po
ss
ib
le
vo
la
ti
le
co
mp
on
en
ts
.
Th
e
EP
A
Re
gi
on
X
La
bo
ra
to
ry
pe
rf
or
me
d
a
GC
/M
S
vo
la
ti
le
or
ga
ni
c
an
al
ys
is
on
th
e
To
ro
nt
o
se
di
me
nt
.
Et
hy
lb
en
ze
ne
wa
s
fo
un
d
in
on
e
re
pl
ic
at
e
(4
.7
ug
/k
g)
an
d
to
lu
en
e
wa
s
fo
un
d
in
bo
th
re
pl
ic
at
es
(l
3
an
d
4.
6
pg
/k
g)
.
In
th
e
no
n—
pr
io
ri
ty
po
ll
ut
an
t
ca
te
go
ry
,
we
fo
un
d
ac
et
on
e
in
bo
th
su
bs
am
pl
es
(3
90
an
d
34
pg
/k
g)
,
bu
ta
no
ne
in
on
e
re
pl
ic
at
e
(8
.7
pg
/k
g)
an
d
or
th
o~
xy
le
ne
in
on
e
re
pl
ic
at
e
(5
.9
pg
/k
g)
.
A
nu
mb
er
of
su
bs
ti
tu
te
d
cy
cl
oh
ex
an
es
we
re
al
so
te
nt
at
iv
el
y
id
en
ti
fi
ed
in
th
e
vo
la
ti
le
fr
ac
ti
on
.
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TABLE 11.
PRIORITY POLLUTANTS
Detection
1
2
1
2
PL—1
PL-2
SCP—1
SCP~2
ug/kg
NEUTRAL COMPOUNDS, MONOCYCLIC AROMATICS
Nitrobenzene
L0
L0
L0
L0
LD
LD
LO
LD
40
1~2 Dich1orobenzene
LD
120
L0
*80
LO
LO
LO
LD
80
1—3 Dich1orobenzene
L0
L0
L0
L0
L0
L0
L0
LD
80
1—4 Dich1orobenzene
LD
120
*80
L0
L0
L0
L0
LD
80
1,2,4—Trichiorobenzene
L0
LO
LO
L0
L0
L0
L0
L0
80
Hexach1orobenzene
LD
LD
L0
L0
LO
LO
LD
LD
80
Nitrobenzene
LD
LD
L0
L0
L0
L0
LD
LD
40
2,4—Dinitrotoiuene
L0
L0
LD
LD
LD
LD
LO
LD
280
2,6«Dinitroto1uene
LO
LO
L0
L0
L0
L0
L0
L0
280
I
Toronto
Toronto
Toideo
Toideo
Contro]
Controi
Contro1
Contro1
Limit
1
i
1
1
0
ACID COMPOUNDS,
MONOCYCLIC AROMATICS
 
Pheno1
LD
LD
L0
L0
L0
L0
L0
L0
40
2«Ch1oropheno1
L0
L0
LO
LO
LD
LD
L0
L0
80
2,4~Dich1oropheno1
L0
LO
LO
LD
LD
LD
LD
LD
80
2,4,6~Trich1oropheno1
L0
L0
LO
LO
L0
L0
LD
LD
160
Pentach1oropheno1
LO
LO
L0
L0
LO
LO
LO
LD
280
2-Nitrophen01
L0
L0
L0
L0
L0
L0
L0
L0
160
4—Nitropheno1
L0
L0
L0
L0
L0
L0
L0
L0
400
2,4~Dinitropheno1
L0
L0
L0
L0
L0
L0
L0
L0
1000
2,4—Dimethy1pheno1
LD
L0
L0
L0
L0
L0
L0
L0
80
p—Ch1oro«m~cresoi
L0
LO
LO
L0
L0
L0
L0
L0
160
4,6—Dinitro~o—creso1
LD
L0
L0
L0
L0
L0
L0
L0
800
L0 = Was not detected at detection 1eve1 thus the compound is reported at 1ess than the detection 1eve1,
*
= Detected at detection 1eve1, there is some uncertainty as to its concentration.
 1
1
1
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1
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Tor
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o
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o
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/k
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1
2
1
2
D
e
t
e
c
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i
o
n
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ug/kg
HA
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GE
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Ch
1o
ro
ph
en
y1
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en
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L0
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LD
L0
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Bi
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he
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L0
L0
L0
L0
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Br
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op
he
ny
1p
he
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1
et
he
r
L0
L0
L0
L0
L0
L0
L0
L0
Bi
s(
2—
ch
1o
ro
is
op
ro
py
1)
et
he
r
L0
L0
L0
L0
L0
L0
L0
L0
Bi
s(
2—
ch
1o
ro
et
ho
xy
)m
et
ha
ne
L0
L0
L0
L0
L0
L0
L0
L0
8
0
4
0
ZO
O
20
4O
PHT
HAL
ATE
S
31
5(
2
et
hy
1h
ex
y1
)
ph
th
a1
at
e
10
,6
00
15
,7
00
10
,6
00
8,
50
0
99
0
1,
90
0
1,
40
0
2,
90
0
Bu
ty
1b
en
zy
1
ph
th
a1
at
e
L0
L0
L0
L0
L0
L0
L0
L0
Di
—n
«b
ut
y1
ph
th
a1
at
e
L0
L0
L0
L0
26
0
16
0
L0
16
0
Di
An
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ct
y1
ph
th
a1
at
e
L0
L0
L0
L0
24
0
L0
L0
L0
Di
et
hy
1
ph
th
a1
at
e
L0
L0
L0
L0
L0
L0
L0
L0
Di
me
th
y1
ph
th
a1
at
e
L0
L0
L0
L0
L0
L0
L0
L0
80
2
0
4O
4O
4O
NI
TR
OS
AM
IN
ES
AN
D
MI
SC
EL
LA
NE
OU
S
N-
Ni
tr
os
od
ip
he
ny
1a
mi
ne
L0
L0
L0
L0
L0
L0
L0
L0
N_N
itr
oso
d1—
n—p
ro1
yam
ine
L0
L0
L0
L0
L0
L0
L0
L0
Be
nz
id
in
e
L0
L0
L0
L0
L0
L0
L0
L0
1,2
—Di
phe
ny1
hyd
raz
ine
L0
L0
L0
L0
L0
L0
L0
L0
3,3
«01
ch1
oro
ben
zid
ine
L0
L0
L0
L0
L0
L0
L0
L0
800
320
160
8
0
80
HAL
OGE
NER
ATE
O
ALI
PHA
TIC
HYD
ROC
ARB
ONS
Hex
ach
1or
oet
han
e
L0
L0
L0
L0
L0
L0
L0
L0
Hex
ach
1or
obu
tad
ien
e
L0
L0
L0
L0
L0
L0
L0
L0
Hex
ach
1or
ocy
c1o
pen
tad
ien
e
L0
L0
L0
L0
L0
L0
L0
L0
80
120
400
  
1
1
2
  
TABLE 13.
PRIORI
TY POL
LUTANT
S BASE
/NEUTR
AL COM
POUNDS
, POLY
CYCLIC
AROMAT
IC HYD
ROCARB
ONS
De
te
ct
io
n
Toronto
Toronto
To1deo
To1deo
Contro1
Contro1
Contro]
Contro1
Limit
pg/kg
1
2
1
2
PL—1
PL—2
SOP—1
SCP~2
pg/kg
Acena
phthe
ne
470
680
100
100
L0
L0
L0
L0
40
Acena
phthy
1ene
L0
L0
62
65
L0
L0
L0
L0
40
F1uor
ene
710
850
89
160
L0
L0
L0
L0
40
Napht
halen
e
490
530
140
610
L0
L0
Ld
LD
20
Anthr
acene
380
430
L0
77
LO
L0
L0
LD
40
F1uor
anthe
ne
2300
2600
210
600
140
L0
43
36
40
Phena
nthre
ne
2600
2900
480
610
L0
L0
L0
L0
40
Benzo
[a]an
thrac
ene
1900
2500
730
670
L0
L0
L0
L0
80
Benzo
[b]f1
uoran
thene
Benz
o[k]
f1uo
rant
hene
4000
5300
1500
1100
L0
LD
L0
L0
80
Chrys
ene
1500
1800
1000
5909
L0
L0
L0
L0
80
Pyren
e
1900
2100
870
580
140
L0
52
42
40
Benzo
[ghi]
pery1
ene
1200
1800
L0
600
L0
L0
L0
L0
200
Benzo
[a]py
rene
2000
2100
770
600
L0
L0
L0
L0
120
Diben
zo[a,
h]ant
hrace
ne
L0
L0
L0
L0
L0
L0
L0
LD
320
Inden
o[1,2
,3 Cd
] py
rene
1200
LD
LD
610
L0
L0
L0
L0
200
2~Ch1
orona
phtha
1ene
L0
L0
L0
L0
L0
L0
L0
L0
40
Isoph
orone
L0
L0
*20
24
L0
*20
L0
L0
20
TCDD
ND
ND
ND
ND
ND
ND
ND
ND
LD
Was
not d
etect
ed a
t det
ectio
n 1e
ve1
thus
the
compo
und
is re
porte
d at
1ess
than
detec
tion
1eve1
.
l
l
*
Detec
ted
at de
tecti
on 1
eve1,
thus,
there
is so
me qu
estio
n as
to co
ncent
ratio
n.
l
l
ND
1
1
Not d
etect
ed q
ua1it
ative
1y.
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+
PE
ST
IC
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(p
g/
kg
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,
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/E
C
DE
TE
CT
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To
ro
nt
o
To
ro
nt
o
To
ld
eo
To
ld
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Co
nt
ro
l
Co
nt
ro
l
Co
nt
ro
l
Co
nt
ro
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Lo
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ti
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1
2
l
2
PL
-l
PL
—2
SC
P—
l
SC
P—
2
Al
dr
in
8
8
2
2
2
2
2
4
Ch
lo
rd
an
e
8
8
2
2
2
2
2
4
Di
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dr
in
8
8
2
2
2
2
2
4
4,
4'
DD
T
8
8
2
2
2
2
2
4
4,
4'
DD
E
36
*
36
*
2
5*
15
*
12
*
2
4
4,
4'
DD
D
88
*
41
*
2
2
2
2
2
4
Al
ph
a
En
do
su
lf
an
8
8
2
2
2
2
2
4
Be
ta
En
do
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lf
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8
8
2
2
2
2
2
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En
dr
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8
8
2
2
2
2
2
4
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8
8
2
2
2
2
2
4
He
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8
8
2
2
2
2
2
4
He
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Ep
ox
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e
8
8
2
2
2
2
2
4
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a
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C
8
8
2
2
2
2
2
4
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C
8
8
2
2
2
2
2
4
De
lt
a
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C
8
8
2
2
2
2
2
4
T
o
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p
h
e
n
e
50
0
54
0
13
5
13
5
13
5
13
5
13
5
26
0
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A
r
o
c
l
o
r
—
1
0
1
6
16
5
18
0
45
45
45
45
45
90
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A
r
o
c
l
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r
-
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5
18
0
45
45
45
45
45
9
0
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A
r
o
c
l
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r
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1
2
3
2
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5
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0
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45
45
45
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c
l
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r
—
1
2
4
2
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5
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0
6
6
9
*
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§
g
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2
4
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The EPA Region X Laboratory also reported the following non—priority
pollutants in pg/kg concentrations:
Toronto Toledo
4 Methylphenol
440,
500
<80, l90
Dibenzofuran
470,
<40
75,
T20
2—Methyl
naphthalene
2000,
2500
<40,
150
l,5-dimethyl naphthalene
ll,000, 13,500
240, 460
Hexadecanoic
acid
_
28,000,
ND
ND,
ND
l—Ethyl,
2-3—dimethylbenzene
ND,
4800
ND,
ND
Lube and/or diesel
oil
present,
present
present,
present
The Porter Lake control sediment showed elemental sulfur at 14 and 25 ug/kg
in the two subsamples, and 2(4H)~Benzofuranone, 5,6,7,7a—tetrahydro— 4,4,7A
trimethyl—, estimated at 980 pg/kg in one subsample.
GC/MS analysis of the neutral
hexane extractable
sample was conducted by
the CERL.
The analysis was qualitative and should
not be confused with the
Region X priority pollutant protocol.
Of interest,
however,
is a significant
difference between the two test sediments.
The Toronto
sediment contains
a considerably greater number of identifiable pollutants than the Toledo
sediment.
The following classes of compounds were tentatively identified as
being present:
Compound
Class
Toronto
Toledo
Amines
Thio compounds
PNA
Substituted naphthalenes
Ethers
Hydrocarbons
Esters
Alcohols
_
a
O
N
m
O
w
a
—
J
N
a
m
—
1
.
4
4
0
0
Similar compounds were
identified in the
Region X GC/MS standardized
protocol
including PNA's and the substituted napthalenes.
QUALITY CONTROL DISCUSSION
As indicated above for Tables l—lO,
depending on sample availability,
either
single,
duplicate
or
triplicate
analyses
were
performed
on
bulk
sediments
on
water
in
contact
with
sediments.
The
means
of
duplicate
or
triplicate
values
are
reported.
The
control
values
reported
in
Table
l were
compared
to the
historical
records
on
these
control
sediments.
The
data
indicate the latest control
values were within il0% of those previously
reported for these sediments [2, 12].
One exception to the l0% of the mean observation
occurred
in the
Porter
Lake
control.
The
nickel
value
reported
here
(76
mg/kg)
and.the
long-term nickel mean
(58 i l4 mg/kg) were within two standard deviations.
ll4
  
 V TABLE 15.
l OBSERVED MORTALITY IN PRATER-ANDERSON BIOASSAYS WITH THE INDICATED SEDIMENTS
 
Bioassay Data — Percent Mortality
   
Replicate
Station No. Daphnia I Daphnia II Hexagenia
Toldeo Harbor l 0 _ 0 _ 40 _
2 0 x = O O x = 0 20 x = 20
3 O 5 0
Toronto Harbour l 100 _ 25 _ 6O _
2 83 x = 9T 25 x = 27 40 x = 53
3 89 30 60
Soap Creek Pond Control l 0 _ D _ 20 _
2 O x = 0 O x = 0 20 x = l3
3 O O 0
TABLE 16.
PERCENT MORTALITY IN SOLID PHASE AND ELUTRIATE TESTS OF SEDIMENTS FROM TORONTO AND
TOLEDO HARBORS
Percent Mortality
Solid Phase Elutriate
Rep. Daphnia Daphnia Fathead
Station No. I II Hyalella Chironomus Minnow Daphnia
Toledo l 7 _ 0 _ 7 _ 20 _ 0 0 _
Harbor 2 27 x = 14 O x = 5 0 x = 2 50 x = 40 - 0 x = 7
3 7 l4 0 50 — 20
Toronto l 100 _ D _ l3 _ 80 _ l00 _ 0 _
Harbour 2 93 x = 98 D x = 0 20 x = l8 90 x = 87 TOO x = 100 0 x = 3
3 TOO O 20 9O — lO
Porter 1 0 _ 0 _ 73 _ 40 _ 0 _ 0 _
Lake 2 D x = O 0 x = 0 40 x = 49 20 x = 23 O x = 0 l0 x = 3
(Control) 3 0 0 33 lO — 0
 
  
The finding of greater toxicity of Toronto sediment is reinforced by
results of tests with chironomids.
Mortality was four times higher in Toronto
sediment systems (87%) than in controls (23%), with Toledo sediment producing
intermediate mortality (40%).
Results from tests with Hyalella indicate very high control mortality,
which we postulate was an artifact of predation by Chaoborus present in Porter
Lake sediment and observed in the Hyalella test beaker.
Comparison of Hyalella
survival in Toledo and Toronto sediment systems also are consistent with
greater toxic problems with Toronto sediments.
Elutriates of the sediments produced no appreciable mortality of Daphnia,
but the Toronto sediment elutriate caused l00% mortality of newly—hatched
fathead minnow larvae.
One can speculate that aged samples and elutriates tend to be closer to
equilibrium than do unequilibrated unmixed sediment—water systems. This
could be the common thread linking the results of these toxicity tests;
equilibrated systems lacked the toxicity of newly—interfaced sediment and water.
Would this phenomenon have occurred if we had used Toronto or Toledo harbor
water? Would these harbor waters have been toxic in their own chemistry?
Based on bulk analysis of organic pollutants and the general chemistry of
the water during the tests with Prater-Anderson type tests, we are unable to
ascribe a cause for the mortality we observed with Toronto Harbour sediments.
The inorganic factors (9 g. metals, general chemistry) do not appear to be
significant as toxic sources. The organics (including the many not analyzed
for) are likely candidates, but our ability to identify probable toxic
components is limited by a lack of information on the aqueous toxicity of many
organic chemicals, the reliance on bulk sediment chemistry with limited water
column chemistry, and a fragmentary understanding of the bioavailability/
toxicity of insoluble forms of pollutants. These results point out the problem
of using bulk chemistry alone to detect and predict levels of sediment pollution.
We would also like to point out the difference between evaluating acute
toxicity and evaluating chronic toxicity or bioaccumulation. We have reported
on the former but not the latter, and in cases of in situ problems (including
sediment disposal sites), the chronic problems probably predominate. For
impacts at the site of dredging activity, often toxicologically more
transitory, the acute evaluation may suffice.
BIOASSESSMENT COST
Estimates of human—hours required for the toxicity tests conducted with
these two sediments plus a control sediment ranged from 40 to 60 hours each
for the Prater—Anderson tests and the suite of beaker tests. This includes
sediment handling, test set-up, conduct and termination, but includes only
routine chemical analyses for pH, DO, hardness and alkalinity. The entire
battery of bioassays would require 80—l20 humanehours, but we would not
recommend such an in—depth study other than for research. These estimates
do not include organism culture or related maintenance requirements.
Des
cri
pti
ons
of
rea
rin
g a
nd
tes
t—m
eth
ods
hav
e b
een
pub
lis
hed
[1,
2].
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Appendix
TERMS OF REFERENCE FOR THE DREDGING SUBCOMMITTEE
OF THE WATER QUALITY PROGRAMS COMMITTEE
AND
MEMBERSHIP OF THE DREDGING SUBCOMMITTEE
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 TERMS OF REFERENCE FOR THE
DREDGING SUBCOMMITTEE OF THE
WATER QUALITY PROGRAMS COMMITTEE
The Dredging Subcommittee (US) will assist the Water Quality Programs
Committee (WQPC) of the Great Lakes Water Quality Board (NOB) by:
a.
Reviewing the existing practices and policies in both countries
relating to dredging activities and their impact on the
environmental quality of the Great Lakes system.
Maintaining a register of significant dredging projects being
undertaken in the Great Lakes system with information to allow for
the assessment of the environmental effects of the projects,
including the long—term effect of both dredging and disposal of
toxic sediments. The register shall include pertinent statistics to
allow for the assessment of pollution loadings from dredged
materials to the Great Lakes system.
Recommending procedures for encouraging the exchange of information
relating to development of dredging technology and environmental
research.
Identifying specific criteria for the classification of polluted
sediments of designated areas of intensive and continuing dredging
activities within the Great Lakes system.
Investigating the environmental impact of "In—place Pollutants" and
reco
mmen
ding
alte
rnat
e st
rate
gies
and
opti
ons
for
miti
gati
ng v
ario
us
problems associated with the presence and/or removal of in~place
pollutants, especially in case of "l8 Class A Areas of Concern“
identified in the l982 Water Quality Board Report.
Pre
par
ing
rep
ort
and
bri
efs
per
tai
nin
g t
o i
tem
s l
ist
ed
abo
ve
and
oth
er
rel
eva
nt
top
ics
and
by
und
ert
aki
ng
spe
cia
l a
ssi
gnm
ent
s a
s
directed by the Water Quality Board.
Mem
ber
shi
p:
The
US
wil
l
be
com
pos
ed
of
rep
res
ent
ati
ves
of
the
jur
isd
ict
ion
s
in
the
Gre
at
Lak
es
bas
in
and
the
age
nci
es
eng
age
d
in
dre
dgi
ng
act
ivi
tie
s
and
,
if
nec
ess
ary
,
rec
ogn
ize
d
exp
ert
s
fro
m t
he
aca
dem
ic
com
mun
ity
and
non
-go
ver
n—
mental organizations.
lZl
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